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Economics As A Moral Science* 


By KENNETH E. BOULDING 


Adam Smith, who has strong claim to 
being both the Adam and the Smith of 
systematic economics, was a professor of 
moral philosophy and it was at that forge 
that economics was made. Even when I 
was a student, economics was still part of 
the moral sciences tripos at Cambridge 
University. It can claim to be a moral sci- 
ence, therefore, from its origin, if for no 
other reason. Nevertheless, for many 
economists the very term “moral science” 
will seem like a contradiction. We are 
strongly imbued today with the view that 
science should be wertfrei and we believe 
that science has achieved its triumph pre- 


cisely because it-has escaped the swad- ` 


dling clothes of moral judgment and has 
only been able to take off into the vast 
universe of the “is” by escaping from the 
treacherous launching pad of the “ought.” 
Even economics, we learn in the history of 
thought, only became a science by escap- 
ing from the casuistry and moralizing of 
medieval thought. Who, indeed, would 
want to exchange the delicate rationality 
of the theory of equilibrium price, for the 
unoperational vaporings of a “just price” 
controversy? In the battle between mech- 
anism and moralism generally mechanism 
has won hands down, and I shall not be 
surprised if the very title of my address 
does not arouse musty fears of sermoniz- 
ing in the minds of many of my listeners. 

Let me first explain, then, what I mean 
by moral and by moral science. A moral, 
or ethical proposition, is a statement 
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about a rank order of preference among 
alternatives, which is intended to apply to 
more than one person. A preference which 
applies to one person only is a “taste.” 
Statements of this kind are often called 
“value judgments.” If someone says, “I 
prefer A to B,” this is a personal value 
judgment, or a taste. If he says, “A is bet- 
ter than B,” there is an implication that 
he expects other people to prefer A to B 
also, as well as himself. A moral proposi- 
tion then is a “common value.”’ 

Every culture, or subculture, is defined 
by a set of common values, that is, gener- 
ally agreed upon preferences. Without a 
core of common values a culture cannot 
exist, and we classify society into cultures 
and subcultures precisely because it is 
possible to identify groups who have com- 
mon values. 

Most tastes are in fact also common 
values and have been learned by the pro- 
cess by which all learning is done, that is, 
by mutation and selection. The most ab- 
surd of all pieces of ancient wisdom is 
surely the Latin tag de gustibus non dis- 
putandum. In fact, we spend most of our 
lives disputing about tastes. If we want to 
be finicky about definitions we might turn 
the old tag around and say where there is 
disputing, we are not talking about tastes. 
Nevertheless, even personal tastes are 
learned, in the matrix of a culture or a 
subculture in which we grow up, by very 
much the same kind of process by which 
we learn our common values. Purely per- 
sonal tastes, indeed, can only survive in a 
culture which tolerates them, that is, 
which has a common value that private 
tastes of certain kinds should be allowed. . 

One of the most peculiar illusions of 


2 THE AMERICAN ECONOMIC REVIEW 


economists is a doctrine that might be 
called the Immaculate Conception of the 
Indifference Curve, that is, that tastes are 
simply given, and that we cannot inquire 
into the process by which they are 
formed. This doctrine is literally “for the 
birds,” whose tastes are largely created 
for them by their genetic structures, and 
can therefore be treated as a constant in 
the dynamics of bird societies. In human 
society, however, the genetic component 
of tastes is very small indeed. We start off 
with a liking for milk, warmth, and dry- 
ness and a dislike for being hungry, cold, 
and wet, and we do have certain latent 
drives which may guide the formation of 
later preferences in matters of sex, occu- 
pation, or politics, but by far and away 
the largest part of human preferences are 
learned, again by means of a mutation-se- 
lection process. It was, incidentally, Veb- 


len’s principal, and still largely unrecog- 


nized, contribution to formal economic 
theory, to point out that we cannot as- 
sume that tastes are given in any dynamic 
theory, in the sense that in dynamics we 
cannot afford to neglect the processes by 
which cultures are created and by which 
preferences are learned. 

I am prepared indeed to go much fur- 
ther and to say that no science of any 
kind can be divorced from ethical consid- 
erations, as defined above. The proposi- 
tions of science are no more immaculately 
conceived than the preferences of individ- 
uals. Science is a human learning process 
which arises in certain subcultures in 
human society and not in others, and a 
subculture as we have seen is a group of 
people defined by the acceptance of cer- 
tain common values, that is, an ethic 
which permits extensive communication 
among them. 

The scientific subculture is no exception 
to this rule. It is characterized by a strong 
common value system. A high value, for 
instance, is placed on veracity, on curios- 


ity, on measurement, on quantification, on 

careful observation and experiment, and 

on objectivity. Without this common 

value structure the epistemological pro- 

cess of science would not have arisen; in- 

deed it did not arise in certain societies 

where. conditions might otherwise have 

been favorable but where some essential 

common values of the scientific subcul- 

tures did not exist. The question as to ex- 

actly what values and ethical propositions 

are essential to the scientific subculture - 
may be in some dispute. The fact that 

there are such values cannot be disputed. — 
It is indeed one of the most perplexing 
questions in intellectual history as to why 
the scientific subculture developed in the 
time and place that it did in Western Eu- 
rope. The common values that are prereq- 
uisite to it are rather rare among human 
subcultures. The common values, for in- 
stance, of the military or the people that 
run the international system are quite dif- 
ferent from those of science. In this sense, 
therefore, science has an essential ethical 
basis. 

This means that even the epistemologi- 
cal content of science, that is, what scien- 
tists think they know, has an ethical com- 
ponent. The proposition, for instance, that 
water consists of two molecules of hydro- 
gen and one of oxygen is not usually 
thought of as a proposition with high ethi- 
cal content. Nevertheless, any student in 
chemistry who decides that he prefers to 
think of hydrogen as dephlogisticated 
water will soon find out that chemistry is 
not just a matter of personal taste. The 
fact that there is no dispute going on 
about any particular scientific proposition 
does not mean to say that itis a matter of . 
taste; it simply means that the dispute 
about it has been resolved through the ap- 
plication of certain common values and 
ethical presuppositions, 

There is however a fundamental sense 
in which the epistemological process even 
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in the physical and biological sciences is 
now running into situations which have 
strong ethical implications outside the 
scientific subculture. The myth that sci- 
ence is simply discovering knowledge 
about an objectively unchangeable world 
may have had some validity in the early 
stages of science but as the sciences de- 
velop this myth becomes less and less 
valid. The learning process of science is 
now running into two serious difficulties. 
The first might be called the generalized 
Heisenberg principle. When we are trying 
to obtain knowledge about a system by 
changing its inputs and outputs of infor- 
mation, these inputs and outputs will 
change the system itself, and under some 
circumstances they may change it radi- 
cally. My favorite illustration of the Hei- 
senberg principle is that of a man who in- 
quires through the door of the bedroom 
where his friend is sick, “How are you?” 
whereupon the friend replies “Fine,” and 
the effort kills him. In the social sciences 
of course the generalized Heisenberg prin- 
ciple predominates because knowledge of 
the social sciences is an essential part of 
the social system itself, hence objectivity 
in the sense of investigating a world which 
is unchanged by the investigation of it is 
an absurdity. 

The second difficulty is that as science 
develops it no longer merely investigates 
the world; it creates the world which it is 
investigating. We see this even in the 
physical sciences where the evolution of 
the elements has now been resumed in this 
part of the universe after some six billion 
years. We are increasingly going to see 
this in the biological sciences, which will 
only find out about the evolutionary pro- 
cess by actively engaging in it, and chang- 
ing its course. In the social sciences one 
can defend the proposition that most of 
what we can really know is what we cre- 
ate ourselves and that prediction in social 
systems can be achieved only by setting 


up consciously created systems which will 
make the predictions come true. Knowl- 
edge of random systems can only be ob- 
tained by destroying them, that is, by tak- 
ing the randomness out of them. There is 
a great deal of evidence, for instance, that 
the fluctuations of prices in organized 
commodity or security markets are essen- 
tially random in nature. All we can possi- 
bly discover therefore by studying these 
fluctuations is what bias there might be in 
the dice. If we want to predict the future 
of prices in such a market we will have to 
control it, that is, we will have to set up a 
system of counterspeculation which will 
guarantee a given future course of prices. 
The gold standard is a primitive example 
of such a system in which it is possible to 
predict that the price of gold will lie 
within the gold points as long as the sys- 
tem remains intact. Similarly, we can pre- 
dict the inside temperature of a house 
with an effective furnace and thermostat 
much better than we can predict the’ 
outside temperature simply because we 
control one and not the other. 

We cannot escape the proposition that 
as science moves from pure knowledge to- 
ward control, that is, toward creating 
what it knows, what it creates becomes a 
problem of ethical choice, and will depend 
upon the common values of the societies 
in which the scientific subculture is 
embedded, as well as of the scientific sub- 
culture. Under these circumstances sci- 
ence cannot proceed at all without at least 
an implicit ethic, that is, a subculture with 
appropriate common values, The problem 
exists in theory even in what might be de- 
scribed as the objective phase of science, 
that is, the phase in which it is simply in- 
vestigating “what is,” because the ques- 
tion of the conditions under which igno- 
rance is bliss is not an empty one. The as- 
sumption which is almost universal in aca- 
demic circles that ignorance cannot possi- 
bly be bliss might under some circum- 
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stances be proved wrong by the very 
methods of science itself. As long as sci- 
ence is investigating an unchanging world, 
however, this problem does not become 
acute, for if knowledge does not change 
the world, then all ignorance does for us is 
to prevent us from satisfying our idle 
curiosity. When, however, knowledge 
changes the world the question of the con- 
tent of the common values, both of the 
subculture which is producing knowledge 
and of the total society in which that sub- 
culture is embedded, becomes of acute im- 
portance. Under these circumstances the 
concept of a value-free science is absurd, 
for the whole future of science may well 
rest in our ability to resolve the ethical 
conflicts which the growth of knowledge is 
now creating. Science could create an ethi- 
cal dynamic which would bring it to an 
end. 

Let us return then to economics as a 
moral science, not merely in the sense in 
which all science is “affected with an ethi- 
cal interest,” but in the quite specific 
sense of asking whether economics itself 
can be of assistance in resolving ethical 
disputes, especially those which arise out 
of the continued increase of knowledge. 

Economics specializes in the study of 
that part of the total social system which 
is organized through exchange and which 
deals with exchangeables. This to my 
mind is a better definition of economics 
than those which define it as relating to 
scarcity or allocation, for the allocation of 
scarce resources is a universal problem 
which applies to political decisions and 
political structures through coercion, 
threat, and even to love and community, 
just as it does to- exchange. I have else- 
where distinguished three groups of social 
organizers which I have called the threat 
system, the exchange system, and the inte- 
grative system. Economics clearly occu- 
pies the middle one of these three. It 
edges over towards the integrative system 


insofar as it has some jurisdiction over the 
study of the system of one-way transfers 
of exchangeables, which I have called the 
“grants economy,” for the grant, or one- 
way transfer, is a rough measure of an in- 
tegrative relationship. On the other side, 
economics edges towards an area between 
the threat system and the exchange sys- 
tem which might be described as the study 
of strategy or bargaining. 

To complete the circle there is also an 
area, between the threat system and the 
integrative system, of legitimated threat 
which is the principal organizer of politi- 
cal activity and the main subject matter 
of political science. All these systems are 
linked together dynamically through the 
process of human learning which is the 
main dynamic factor in all social systems. 
Part of this learning process is the learn- 
ing of common values and moral choices, 
without which no culture and no social 
system is possible. The process by which 
we learn our preference structures indeed 
is a fundamental key to the total dynam- 
ics of society. 

Economics, as such, does not contribute 
very much to the formal study of human 
learning, though some philosophical econ- 
omists like Frederick Hayek [4] have 
made some interesting contributions to 
this subject. Our main contribution as 
economists is in the description of what is 
learned; the preference functions which 
embody what is learned in regard to 
values, and the production functions 
which describe the results of the learning 
of technology. We may not have thought 
much about the genetics of knowledge, 
but we have thought about its description, 
and this is a contribution not to be de- 
spised. 

Thus, economics suggests the proposi- 
tion that actual choices depend not only 
on preferences but on opportunities, and 
that under some circumstances quite small 
changes in either preferences or opportu- 
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nities may result in large changes in ac- 
tual choices made. This proposition ap- 
plies just as much to ethical choices and 
common values as it does to private 
tastes. It throws a good deal of light also 
on what might be called the evolutionary 
ecology of ethical systems. Successful eth- 
ical systems tend to create subcultures, 
and these subcultures tend to perpetuate 
and propagate the ethical systems which 
created them. This principle helps to ex- 
plain the persistent division of mankind 
into sects, nations, and ideological groups. 
If we were to map the ethical preference 
systems of the individuals who comprise 
mankind, we would not find a uniform 
distribution but we would find a very 
sharp clustering into cultures and subcul- 
tures with. relatively empty spaces be- 
tween the clusters. All the members of a 
single sect, for instance, tend to think 
rather alike in matters of ethical judg- 
ment and differentiate themselves sharply 
from the ethical judgments of other sects. 
Individuals tend to be attracted to one or 
another of these clusters, leaving the so- 
cial space between them relatively empty, 
like space between the stars. The reasons 
for this phenomenon lie deep in the dy- 
namics of the human learning process, for 
our preferences are learned mainly from 
those with whom we have the most com- 
munication. This principle accounts for 
the perpetuation of such clusters, though 
it does not necessarily account for their 
original formation, which exhibits many 
puzzling phenomena. The splitting of 
these clusters in a kind of mitosis is also 
an important and very puzzling phenome- 
non. Once we realize, however, that these 
are highly sensitive systems as economic 
analysis suggests, we can see how wide 
divergences might arise. Thus, the actual 
difference in preferences and even oppor- 
tunities between, shall we say, the social- 
ist countries and the capitalist countries, 
may in fact be quite small, but this differ- 


ence is enough to produce a very wide 
difference in the choices made. 

Economics has made its own attempt to 
solve some of the problems involved in the 
moral judgment in what we know as wel- 
fare economics, I believe this attempt has 
been a failure, though a reasonably glo- 
rious one, and we should take a brief look 
at it. Welfare economics attempts to ask 
the question “What do we mean when we 
say that one state of a social system is 
better than another in strictly economic 
terms?” The most celebrated answer 
given is the Paretian optimum, which 
states in effect that Condition A of a so- 
cial system is economically superior to 
Condition B, if nobody feels worse off in 
A than in B, and if at least one person 
feels better off. “Better off” or “worse off” 
are measured of course by preferences, so 
that we could restate the condition as say- 
ing that State A is superior to State B if 
one or more persons prefer A and if no- 
body prefers B. If we permit internal re- 
distributions within the system, that is, 
compensation, the range of possible supe- 
rior states is -considerably broadened. 
From this simple principle a wide range of 
applications has been found possible in a 
stirring intellectual drama which might 
well be subtitled “Snow White (the fairest 
of all) and the Seven Marginal Condi- 
tions.” 

Many, if not most, economists accept 
the Paretian optimum as almost self-evi- 
dent. Nevertheless, it rests on an ex- 
tremely shaky foundation of ethical prop- 
ositions. The more one examines it, for in- 
stance, the more clear it becomes that 
economists must be extraordinarily nice 
people even to have thought of such a 
thing, for it implies that there is no malev- 
olence anywhere in the system. It im- 
plies, likewise, that there is no benevo- 
lence, the niceness of economists not quite 
extending as far as good will. It assumes 
selfishness, that is, the independence of in- 
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dividual preference functions, such that it 
makes no difference to me whether I per- 
ceive you as either better off or worse off. 
Anything less descriptive of the human 
condition could hardly be imagined. The 
plain fact is that our lives are dominated 
by precisely this interdependence of utility 
functions which the Paretian optimum 
denies. Selfishness, or indifference to the 
welfare of others, is a knife edge between 
benevolence on the one side and malevo- 
lence on the other. It is something that is 
very rare. We may feel indifferent towards 
those whom we do not know, with whom 
we have no relationships of any kind, but 
towards those with whom we have rela- 
tionships, even the frigid relationship of 
exchange, we are apt to be either benevo- 
lent or malevolent. We either rejoice when 
they rejoice, or we rejoice when they 
mourn. 

The almost complete neglect by econo- 
mists of the concepts of malevolence and 
benevolence cannot be explained by their 
inability to handle these concepts with 
their usual tools. There are no mathemati- 
cal or conceptual difficulties involved in 
inter-relating utility functions, provided 
that we note that it is the perceptions that 
matter [2]. The familiar tools of our 
trade, the indifference map, the Edge- 
worth box, and so on, can easily be ex- 
panded to include benevolence or malevo- 
lence, and indeed without this expansion 
many phenomena, such as one-way trans- 
fers, cannot be explained. Perhaps the 
main explanation of our neglect of these 
concepts is the fact that we have concen- 
trated so heavily on exchange as the ob- 
ject of our study, and exchange frequently 
takes place under conditions of at least 
relative indifference or selfishness, though 
I argue that there is a minimum degree of 
benevolence even in exchange without 
which it cannot be legitimated and cannot 
operate as a social organizer. We ex- 
change courtesies, smiles, the time of day 


and so on with the clerk in the store, as 
well as exchanging money for commodi- 
ties. The amount of benevolence which ex- 
changers feel towards each other need not 
be large, but a certain minimum is essen- 
tial. If exchangers begin to feel malevo- 
lent toward each other exchange tends to 
break down, or can only be legitimated 
under conditions of special ritual, such as 
silent trade or collective bargaining. 
Nevertheless, economists can perhaps 
be excused for abstracting from benevo- 
lence and malevolence, simply because 
their peculiar baby, which is exchange, 
tends to be that social organizer which lies 
between these two extremes, and which 
produces, if not selfishness, at least low 
levels of malevolence and benevolence. 
The threat system constantly tends to 
produce malevolence simply because of 
the learning process which it engenders. A’ 
threatener may begin by feeling benevo- 
lent toward the threatened—“I am doing 
this for your own good”—but threats al- 
most invariably tend to produce malevo- 
lence on the part of the threatened to- 
wards the threatener, and this is likely to 
produce a type of behavior which will in 
turn produce malevolence on the part of 
the threatener towards the threatened. 
This can easily result in a cumulative pro- 
cess of increasing malevolence which may 
or may not reach some kind of equilib- 
rium. The breakup of communities into 
factions and into internal strife frequently 
follows this pattern. At the other end of 
the scale, the integrative system tends to 
produce benevolence and those institu- 
tions which are specialized in the integra- 
tive system, such as the family, the 
church, the lodge, the club, the alumni as- 


‘sociation, and so on, tend also to create 


and organize benevolence, even beyond 
the circle of their members. This is partly 
because benevolence seems to be an im- 
portant element in establishing a satisfac- 
tory personal identity, especially after the 
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threat system has been softened by the 
development of exchange. Those who live 
under threat, who generally occupy the 
lower end of the social scale, as well as 
those who live by threat at the upper end, 
tend to find their personal identities 
through malevolence and through the de- 
velopment of counter-threat or through 
the displacement of hatred onto weaker 
objects, such as children and animals. 
Once this state is passed, however, and so- 
ciety is mainly organized by exchange, 
there seems to be a strong tendency to 
move towards the integrative system and 
the integrative institutions. The Rotary 
Club is a logical extension of a business- 
oriented society, but it is not one that 
would necessarily have occurred to econo- 
mists. 

Oddly enough, it is not welfare econom~- 
ics with its elegant casuistry, subtle dis- 
tinctions, and its ultimately rather im- 
plausible recommendations, which has 
made the greatest impact on the develop- 
ment of common values and ethical propo- 
sitions. The major impact of economics on 
ethics, it can be argued, has come because 
it has developed broad, aggregative con- 
cepts of general welfare which are subject 
to quantification. We can see this process 
going right back to Adam Smith, where 
the idea of what we would today call per 
capita real income, as the principal mea- 
sure of national well-being, has made a 
profound impact on subsequent thinking 
and policy. The development of the con- 
cept of a gross national product and its 
various modifications and components as 
statistical measures of economic success, 
likewise, has had a great impact in creat- 
ing common values for the objectives of 
economic policy. Another, less fortunate, 
example of a measure which profoundly 
affected economic policy was the develop- 
ment of the parity index by the Bureau of 
Agricultural Economics in the United 
States Department of Agriculture. As a 


measure of the terms of trade of agricul- 
ture, this became an important symbol. 
“A hundred per cent of parity” became 
the avowed goal of agricultural policy, 
even though there is very little reason to 
suppose that the terms of trade of a given 
historic period, in this case the period 
1909-14, have any ultimate validity as 
an ideal. Because of differing rates of 
change in productivity in different parts 
of the economy, we should expect the 
terms of trade of different sectors to 
change. If, for instance, productivity in 
agriculture rises faster than in the rest of 
the economy, as it has done in the last 
thirty years, we would expect the terms of 
trade of agriculture to “worsen” without 
any worsening of the incomes of farmers, 
and without any sense of social injustice. 

Even though economic measurement 
may be abused, its effect on the formation 
of moral judgments is great, and on the 
whole I believe beneficial. The whole idea 
of cost-benefit analysis, for instance, in 
terms of monetary units, say “real” dol- 
lars of constant purchasing power, is of 
enormous importance in the evaluation of 
social choices and even of social institut- 
ions. We can grant, of course, that the 
“real” dollar, which is oddly enough a 
strictly imaginary one, is a dangerously 
imperfect measure of the quality of hu- 
man life and human values. Neverthe- 
less, it is a useful first approximation, 
and in these matters of evaluation of diffi- 
cult choices it is extremely useful to have 
some first approximation that we can then 
modify. Without this, indeed, all evalua- 
tion is random selection by wild hunches. 
It is true, of course, that cost-benefit anal- 
ysis of all sorts of things, whether of 
water projects, other pork barrel items, or 
in more recent years weapon systems, can 
be manipulated to meet the previous prej- 
udices of people who are trying to influ- 
ence the decisions. Nevertheless, the fun- 
damental principle that we should count 
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all costs, whether easily countable or not, 


and evaluate all rewards, however hard 
they are to evaluate, is one which emerges 
squarely out of economics and which is at 
least a preliminary guideline in the forma- 
tion of the moral judgment, in what might 
be called the “economic ethic.” 
Nevertheless, the economic ethic, or the 
total cost-benefit principle, is subject to 
sharp challenge. Two principal criticisms 
have been made of it, the first of which I 
think is probably not valid, and the sec- 
ond of which may be valid under limited 
circumstances. The criticism that I think 
is not valid is that cost-benefit analyses in 
particular, or economic principles in gen- 
eral, imply selfish motivation and an in- 
sensitivity to the larger issues of malevo- 
lence, benevolence, the sense of commu- 
nity and so on. It is quite true, as shown 
above, that economists have neglected the 
problem of malevolence and benevolence. 
Nevertheless, our attitudes towards others 
can be measured at least as well as we can 
measure other preferences, either by some 
principle of “revealed preference” or by 
direct questioning. It is entirely within the 
competence of economics, for instance, to 
develop a concept of the “rate of benevo- 
lence” which is the quantity of exchange- 
ables, as measured in real dollars, which a 
person would be willing to sacrifice in 
order to contemplate an increase of one 
real dollar in the welfare of another per- 
son. If the rate of benevolence is zero, of 
course, we have indifference or pure self- 
ishness; if the rate of benevolence is nega- 
tive we have malevolence, in which case 
people need compensation in order to con- 
template without loss the increased wel- 
fare of an enemy, or in reverse would be 
willing to damage themselves in order to 
damage another. The rate of malevolence 
then would be the amount in real dollars 
one would be prepared to damage one’s 
self in order to damage another person to 


the extent of one dollar. These rates of 
malevolence incidentally are frequently 
quite high. It apparently costs the United 
States about four dollars to do one dollar’s 
worth of damage in Vietnam, in which 
case our rate of benevolence towards 
North Vietnam is at least minus four. In 
determining cost-benefit analysis we can 
easily include rates of benevolence and 
malevolence, adding the benefits and sub- 
tracting the costs to those toward whom 
we are benevolent, multiplied of course by 
the rate of benevolence, and subtracting 
the benefits and adding the costs, simi- 
larly modifed, to those towards whom we 
are malevolent. t 

The concept of a rate of benevolence, in- 
cidentally, is at least a partial solution to 
the perplexing question of interpersonal 
comparisons of utility around which econ- 
omists have been doing a ritual dance for 
at least three generations. Any decision 
involving other people obviously involves 
these interpersonal comparisons. They are 
made, of course, inside the mind of the de-. 


. cision-maker and what his rates of benev- 


olence or malevolence are likely to be is 
determined by the whole social process in 
which he is embedded. Surely something 
can be said about this. We are, for in- 
stance, likely to be more benevolent to 
people who are going to vote for us and 
perhaps malevolent to people who are 
going to vote against us. The economic 
theory of democracy indeed as developed 
by Anthony Downs and others is a very 
good example of what I have sometimes 
called “economics imperialism,” which is 
an attempt on the part of economics to 
take over all the other social sciences. 

The second attack on the “economic 
ethic” is more fundamental and-harder to 
repulse. This is the attack from the side 
of what I have elsewhere called the “he- 
roic ethic” [1]. In facing decisions, espe- 
cially those which involve other people, as 
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virtually all ‘decisions do, we are faced 
with two very different frameworks of 
judgment. The first of these is the eco- 
nomic ethic of total cost-benefit analysis. 
It is an ethic of being sensible, rational, 
whatever we want to call it. It is an ethic 
of calculation. We cannot indeed count 
the cost without counting. Hence, it is an 
ethic which depends on the development 
of measurement and numbers, even if 
these are ordinal numbers. This type of 
decision-making, however, does not ex- 
haust the immense complexities of the 
human organism, and we have to recog- 
nize that there is in the world another 
type of decision-making, in which the de- 
cision-maker elects something, not be- 
cause of the effects that it will have, but 
because of what he “is,” that is, how he 
perceives his own identity. 

This “heroic” ethic takes three major 
forms—the military, the religious, and the 
sporting. The heroic ethic “theirs not to 
reason why, theirs but to do and die” is so 
fundamental to the operation of the mili- 
tary that attempts to apply an economic 
ethic to it in the form of cost-benefit anal- 
ysis or programmed budgeting, or even 
strategic science as practiced by Herman 
Kahn, T. C. Schelling, or even Robert 
McNamara, are deeply threatening to the 
morale and the legitimacy of the whole 
military system. Religion, likewise, is an 
essentially heroic enterprise, even though 
there is a strong streak of spiritual cost- 
benefit analysis in it. The enormous role 
which religion has played in the history of 
mankind, for good or ill, is based on the 
appeal which it has to the sense of iden- 
tity and the sense of the heroic even in or- 
dinary people. “Here I stand and I can do 
no other” said Luther; “To give and not to 
count the cost, to labor and ask for no re- 
ward” is the prayer of St. Francis. “Do 
your own thing” is the motto of our new 
secular Franciscans, the Hippies. In our 


national religion, President Kennedy said, 
“Ask not what your country. can do for 
you, ask only what you can do for your 
country.” We find the same principle in 
poetry, in art, in architecture, which are 
constantly striving to disengage them- 
selves from the chilling embrace of cost- 
benefit analysis. I cannot resist quoting 
here in full what has always seemed to me 
one of the finest expressions in English 
poetry of the heroic critique of economics 
—wWordsworth’s extraordinary sonnet on 
King’s College Chapel, Cambridge (Eccle- 
siastical Sonnet, Number XLII): 


INSIDE OF KING’S COLLEGE CHAPEL, 
CAMBRIDGE 


Tax not the royal Saint with vain expense, 

With ill-matched aims the Architect who 
planned— 

Albeit labouring for a scanty band 

Of white-robed Scholars only—this immense 

And glorious Work of fine intelligence! 

Give all thou canst; high Heaven rejects the 
lore 

Of nicely-calculated less or more; 

So deemed the man who fashioned for the sense 

These lofty pillars, spread that branching roof 

Self-poised, and scooped into ten thousand 
cells, 

Where light and shade repose, where music 
dwells 

Lingering—and wandering on as loth to die; 

Like thoughts whose very sweetness yieldeth 
proof 

That they were born for immortality. 


Okay, boys, bring out your cost-benefit 
analysis now! There is a story, for the 
truth of which I will not vouch, that 
Keynes once asked the chaplain of King’s 
College if he could borrow the chapel for 
a few days. The chaplain was overjoyed 
at this evidence of conversion of a noted 
infidel until it turned out that Keynes had 
got stuck with a load of wheat in the 
course of his speculations in futures con- 
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tracts and wanted to use the chapel for 
storage. 

The “lore of nicely-calculated less or 
more,” of course, is economics. I used to 
think that high heaven rejected this be- 
cause its resources were infinite and there- 
fore did not need to be economized. I have 
since come to regard this view as theologi- 
cally unsound for reasons which I cannot 
go into here, but also for a more funda- 
mental reason. High Heaven, at least as it 
exists and propagates itself in the minds 
of men, is nothing if not heroic. The 
power of religion in human history has 
arisen more than anything from its capac- 
ity to give identity to its practitioners and 
to inspire them with behavior which arises 
out of this perceived identity. In extreme 
form, this gives rise to the saints and mar- 
tyrs of all faiths, religious or secular, but 
it also gives rise to a great deal of quiet 
heroism, for instance, in jobs, in marriage, 
in child rearing and in the humdrum tasks 
of daily life, without which a good deal of 
the economy might well fall apart. 

A good deal of the criticism of econom- 
ics from both left and right arises from 
dissatisfaction with its implied neglect of 
the heroic. There is a widespread feeling 
that trade is somehow dirty, and that mer- 
chants are somewhat undesirable charac- 
ters, and that especially the labor market 
is utterly despicable as constituting the 
application of the principle of prostitution 
to virtually all areas of human life. This 
sentiment is not something which econo- 
mists can neglect. We have assumed all 
too easily in economics that because some- 
thing paid off it was therefore automati- 
cally legitimate. Unfortunately, the dy- 
namics of legitimacy are more complex 
than this. Frequently it is negative pay- 
offs, that is, sacrifices, rather than positive 
payoffs, which establish legitimacy. It has 
been the precise weakness of the institu- 
tions that we think primarily of as eco- 


nomic, that is, associated with exchange, 
such as the stock market, the banking sys- 
tem, organized commodity markets and so 
on, as Schumpeter pointed out, that they 
easily lose their legitimacy if they are not 
supported by other elements and institu- 
tions in the society which can sustain 
them as integral parts of a larger commu- 
nity. On the right also we find national- 
ists, fascists, and the military, attacking 
the economic man and economic motiva- 
tion from the point of view of the heroic 
ethic. It is a wonder indeed that economic 
institutions can survive at all, when eco- 
nomic man is so universally unpopular. 
No one in his senses would want his 
daughter to marry an economic man, one 
who counted every cost and asked for 
every reward, was never afflicted with 
mad generosity or uncalculating love, and 
who never acted out of a sense of inner 
identity and indeed had no inner identity 
even if he was occasionally affected by 
carefully calculated considerations of be- 
nevolence or malevolence. The attack on 
economics is an attack on calculatedness 
and the very fact that we think of the cal- 
culating as cold suggests how exposed 
economists are to romantic and heroic 
criticism. 

My personal view is that, especially at 
his present stage or development, man re- 
quires both heroic and economic elements 
in his institutions, in his learning pro- 
cesses and in his decision-making and the 
problem of maintaining them in proper 
balance and tension is one of the major 
problems of maturation, both of the indi- 
vidual person and of societies. Economic 
man is a clod, heroic man is a fool, but 
somewhere between the clod and the fool, 
human man, if the expression may be par- 
doned, steers his tottering way. 

Let me conclude by stealing another 
idea from economics and applying it to 
general moral science. This is the concept 
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of a production function, some sort of lim- 
ited relationship between inputs and out- 
puts as expressed in the great biblical 
principle that grapes are not gathered 
from thorns, or figs from thistles (Mat- 
thew 7:16). There are production func- 
tions not only for grapes and figs, but also 
for goods and bads, and indeed for the ul- 
timate Good. We dispute about what is 
good, about what outputs we want as a re- 
sult of the inputs we put in. We dispute 
also however about the nature of the pro- 
duction functions themselves, what inputs 
in fact will produce what outputs. In the 
case of physical production functions the 
problems can be resolved fairly easily by 
experimenting, even though there are 
some pretty doubtful cases, as in the case 
of cloud seedings, which do not seem to be 
demonstrably more effective than rain 
dances. In the case of moral production 
functions, however, the functions them- 
selves are much in dispute, and there may 
indeed be more disputation about the pro- 
duction functions than there is about the 
nature of the desired outputs themselves. 
I was impressed some years ago, when en- 
gaged in a long arduous seminar with 
some young Russians and young Ameri- 
cans with how easy it was to agree on ulti- 
mate goals, even across these widely di- 
vergent ideologies, and how extraordinar- 
ily hard it was to agree about the inputs 
which are likely to produce these ultimate 
goals. 

There is a problem here in human 
learning of how do we get to know the 
moral production functions in the complex 
melee of social, political, and economic 
life, when it seems to be pervaded 
throughout with a note of almost cosmic 
irony in which almost everything we do 
turns out different from what we expect 
because of our ignorance, so that both the 
bad and the good we do is all too often 
unintentional. I cannot solve this episte- 


mological problem in one short paper, but 
I recommend it as a major intellectual 
challenge to the moral sciences. What I 
am concerned with here is with economics 
as an input into this moral production 
function. Does economics, as George Stig- 
ler has suggested, make people conserva- 
tive [3]? If so, it is perhaps because it 
simply points out the difficulties and dan- 
gers of heroic action and makes people ap- 
preciate the productivity of the common- 
place, of exchange and finance, of bankers 
and businessmen, even of the middle class 
which our heroic young so earnestly de- 
spise. Perhaps this is why so many young 
radicals today have abandoned economics 
as a poisoned apple of rationality which 
corrupts the pure and heroic man of their 
identities and sympathies. Economics is a 
reconciler, it brings together the ideologies 
of East and West, it points up the many 
common problems which they have, it is 
corrosive of ideologies and disputes that 
are not worth their costs. Even as it acts 
as a reconciler, however, does it not un- 
dermine that heroic demand for social mu- 
tation which will not be stilled in the 
voices of our young radicals? 

I confess I have been deeply disturbed 
when I have asked myself these questions 
and I have no easy answers to them. Nev- 
ertheless, J am not sorry that I became an 
economist, for to belong to a body of peo- 
ple who have never even thought of intro- 
ducing malevolence into their social 
theory is somehow in this day and age a 
little cheering. The anxieties, the moral 
anguish, and the intense dispute which 
has racked the American Economic Asso- 
ciation this year and which is symbolized 
by the question as to whether we should 
move our meeting from Chicago is symp- 
tomatic of the fact that not even the study 
of economics can turn people into purely 
economic men. Strangely enough it was 
the mathematical economists and eco- 


Implications of Property Rights for 
Government Investment Choices 


By Louis Dz ALESSI* 


“To govern, as wise men have said, is to 
choose.” 
John F. Kennedy 


Economists and others ‘concerned with 
efficiency in government have been 
cheered: by the increasing use of benefit- 
cost analysis as a device for discriminat- 
ing among alternative governmental invest- 
ment options. That the analysis has some 
limitations is well known, and there has 
been considerable interest in clarifying its 
range of application and improving its 
usefulness.’ Nevertheless, it appears that 
the bias inherent in decisions made in an 
environment marked by the absence of 
private property rights has not yet been 
fully appreciated.* This essay, therefore, 
will focus upon some ambiguities of bene- 
fit-cost analysis and upon some implica- 
tions that the existing structure of oppor- 
tunities and incentives within the govern- 
ment has for investment choices. 

Section I suggests that, in a wider vari- 
ety of cases than may be generally recog- 
nized, benefit-cost analysis cannot yield 
an unambiguous ranking of the projects 

*The author is professor of economics at George 
Washington University. This essay, prepared while the 
author held a visiting appointment at the Institute for 
Defense Analyses, benefited from comments by V. L. 
Broussalian, J. S. McGee, D. G. Davies, W. A. Nis- 
kanen, G. Tullock, and an anonymous referee of this 
Review. The views expressed in this paper should not 
be interpreted as reflecting the official opinion either 
of IDA or of any of its research sponsors. 

*One of the most frequently cited summaries of the 
recent literature is by Prest and Turvey [31]. Mc- 
Kean’s thoughtful discussion of benefit-cost analysis 
and its limitations is still an excellent reference [27]. 


* There are some exceptions, of course. For example, 
see Broussalian [9], Maas [23], and Lind [22]. 
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under consideration. Moreover, present- 
value benefit-cost data frequently mask 
information relevant to the choice. Section 
II briefly states the utility maximization 
model and shows some of its implications 
for decision making within the govern- 
ment. Section III considers some aspects 
of the current debate about what discount 
rate should be used in evaluating govern- 
ment investments. Section IV presents a 
few conclusions. 


I 


Benefit-cost analysis undoubtedly is ca- 
pable of generating at least some of the 
information relevant to the ranking of 
government investment options by deci- 
sion makers within the government. Nev- 
ertheless, it seems incapable of ranking 
them unambiguously. If the cost and ben- 
efit streams cannot be measured in the 
market, not even indirectly, it seems clear 
that no objective? basis for discrimination 
is available. It follows by definition that a 
unique ordering of the investment options 
being compared is impossible without 
reference to the decision maker’s utility 
function. As will be suggested in this sec- 
tion, however, benefit-cost analysis is also 
incapable of yielding a unique ordering ir- 
respective of whether the choice relates to 
nonmarketable investments whose cost 
streams can be evaluated in the market or 
to marketable investments whose cost and 
benefit streams can be so evaluated. 


* Objective means independent of the decision maker 
responsible for the choice. 
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Government Investments Yielding Non- 
marketable Outputs 


The inputs of government investments 
usually are traded in the market. In such 
cases, it should be within the state of the 
art to identify the inputs and to generate 
a reasonably accurate estimate‘ of the dis- 
tribution of the probable cost streams as- 
sociated with each project.’ Moreover, 
these cost estimates could be independent 
of the particular decision maker involved.® 
The streams of benefits, however, are usu- 
ally much harder to evaluate objectively. 
In particular, if the outputs are 
nonmarketable’ and thus, by implication, 
cannot be stored, the consumption rate of 
the benefit stream associated with each.in- 
vestment cannot be altered through time 
except by changing the production rate it- 
self. The choice of one output stream im- 
plies consumption of that and only that 
stream. Even if nonmarketable outputs 
can be identified in some meaningful sense 
(e.g., the capability to deliver a certain 
. number of missiles on target), their valua- 
tion is necessarily arbitrary because the 
choice among the projects in question is 
essentially a choice among consumption 


*The term “reasonably accurate” is not as vague 
as may appear. The degree of accuracy to be sought 
is an economic decision; at some additional cost, more 
precise estimates may be obtained. 

*The cost of an investment is the highest-valued 
alternative foregone as a result of acquiring, main- 
taining possession of, and operating the investment. 
But the alternative foregone by whom? The owners? 
The decision makers? The opportunity cost may vary 
depending upon which group is relevant, and the latter, 
in turn, depends upon the system of property rights 
and the purpose for which the cost information is 
sought. For purposes of benefit-cost analysis, costs are 
implicitly defined with reference to the owners of the 
organization, and are usually measured by the market 
value of the resources used. 

* This statement does not deny that the decision 
maker may derive different streams of private pecu- 
niary and nonpecuniary costs and benefits from the 
alternative government cost streams he is comparing. 

*The costs of enforcing and exchanging private 
property rights in the outputs are sufficiently high to 
preclude production of the output in the private sector. 


options rather than among investment op- 
tions, and the value placed upon the differ- 
ently shaped time streams of benefits will 
vary among choosers as well as among 
evaluators.* In particular, the explicit bene- 
fits (e.g., defense against nuclear attack) 
usually accrue at different points in time to 
different groups of individuals outside the 
organization, and the valuation of these 
benefit streams is arbitrary. It follows that 
present-value measures of these streams 
are similarly arbitrary, and mask useful 
information. The time profile of the bene- 
fit streams matters,’ and the utility func- 
tion of the decision maker is relevant to 
the choice of investment. 

If the investments yield nonmarketable 
outputs, then the time shape of the cost 
streams, whether measured objectively or 
not, is also relevant to the choice of invest- 
ment. Thus, consider two mutually exclu- 
sive investment options with identical 
streams of nonmarketable benefits but dif- 
ferent cost streams, where the latter are 
completely measured in the market. Since 
the cost streams measure the time pattern 
of resource withdrawal associated with 
each investment, different individuals usu- 
ally bear the cost at different points in 
time. Unlike the usual investment decisions 
taken within a private-property market 
system, the choice of one cost stream over 
another necessarily involves intertemporal 
as well as interpersonal utility compari- 
sons, and the decision maker’s utility 
function is relevant to the choice. The 


*For a thorough discussion of the difficulties intro- 
duced by nonmarketable investments, see Broussalian 
[9]. 

*For example, disregarding costs (i.e., suppose that 
the cost streams are identical), the preference among 
alternative time patterns of missile capability would 
depend upon such things as the likely enemy threat at 
different points in time and the phasing into the defense 
structure of complementary and substitutable weapon 
systems. Since the choice of one system is the choice 
to consume the time pattern of benefits it yields, it 
would not be independent of the time shape of the 
benefit stream. 
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time shape of the cost streams matters, 
and discounting would mask pertinent in- 
formation. For prescriptive purposes, 
therefore, it is not clear why the project 
with the least present-value cost, where 
the streams are discounted at some objec- 
tive rate, should be preferred.” This 
statement does not deny that present- 
value estimates may be helpful to a deci- 
sion maker; it does deny that they sum- 
marize adequately all the information pro- 
vided by the size and time shape of the 
corresponding streams.” 

As the preceding comments suggest, in 
general the use of benefit-cost data to jus- 
tify the ranking of nonmarketable invest- 
ments may best be viewed as an ex post 
rationalization of the ranking yielded by 
the decision maker’s preference function 
as constrained by his opportunity set. The 
time patterns of the cost and benefit 
streams themselves are relevant to the 
choice, and the subjective preference of 
the decision maker for these streams is ei- 
ther masked (if the data are adjusted to 
reflect his preference) or neglected (if 
they are not). 

* A higher-level decision maker has the incentive to 
impose on choices he delegates to lower-level decision 
makers the discount rate defined by the slope of his 
intertemporal budget constraint. The highest-level de- 
cision maker within the goverament bureaucracy (e.g., 
the President) has the incentive to seek, on investment 
choices he delegates, the cost stream associated with 
the least onerous time pattern of taxation for any 
given stream of benefits. Choices according to this ob- 
jective would release funds that he could use to buy 
more of all benefits or decrease taxes or both. Since the 
pattern of taxation may be modified by either lending 
or borrowing, a case can be made for discounting such 
cost streams (measured in the market) at the rate re- 
flecting the cost of borrowing to the government. This 
approach would be applicable to a wide variety of 
choices within the government and particularly within 
the Department of Defense. 

€ The decision maker does not have the option, given 
the basket of benefits, to choose the project with the 
least present-value cost and to appropriate the re- 
sources saved for his own private consumption or in- 
vestment program. It follows that only by chance 
would he be indifferent among projects with identical 
streams of benefits and the same present-value costs to 
taxpayers discounted at some objective interest rate. 


Government Investments Yielding 
Marketable Outputs 


In some instances, market valuation of 
both inputs and outputs is feasible, at 
least in principle. Ranking investments 
so as to maximize the present value of the 
net income stream, however, in general is 
still not a sufficient criterion for establish- 
ing the relative desirability of the invest- 
ment options being compared. Whose 
wealth is being maximized? If the individ- 
uals receiving the benefits and the individ- 
uals bearing the costs vary from invest- 
ment to investment, any ranking of the 
options under consideration involves some 
interpersonal utility comparison. Ranking 
projects so as to maximize the present 
value of the net income stream implies 
that the redistribution of benefits within 
the community either is irrelevant or will 
be done subsequently. The latter course of 
action is not feasible, since it requires 
knowledge of individual utility functions. 
The former, a value judgment, implies 
that few, if any, marketable outputs 
would be produced (whether directly or 
indirectly) by the government. To say 
that an output is marketable is to say that 
the costs of transferring property rights in 
the output and of excluding nonpayers are 
low enough for production in the private 
sector to be economical. Thus, if market- 
able outputs are produced by the govern- 
ment, political and other considerations 
subjective to the decision maker are in- 
herent in the choice of marketable 
investments.** Benefit-cost analysis is still 


* The following comments would also be applicable 
to the marketable portion of mixed investments and, 
with obvious modifications, to nonmarketable invest- 
ments. 

a This point has been recognized for some time, and 
has led to the suggestion that the expected redistribu- 
tional effects of each alternative investment be esti- 
mated and presented to the decision maker in con- 
junction with other benefit-cost data. E.g., Krutilla 
and Eckstein [21], McKean [27], and Haveman [19]. 
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incapable of ranking investment alterna- 
tives objectively. 


I 


The preceding section suggests that, in a 
wide variety of cases, benefit-cost analysis 
cannot yield an unambiguous ranking of 
the investments under consideration. If 
the pattern of taste of the decision maker 
is relevant to the choice, the question of 
bias in these choices may usefully be ex- 
plored. 

The government of any society may 
best be viewed as composed of many com- 
peting individuals with conflicting goals.** 
‘Individual utility functions presumably re- 
flect a variety of goals such as wealth, 
power, and knowledge as well as goals 
such as a taste for the welfare of others. 
Social welfare, as conceived by the indi- 
vidual, may thus be hypothesized to enter 
his utility function. For the purposes of 
this essay, utility functions are hypothe- 
sized to contain the same arguments 
whether the individual is a government of- 
ficial or not. This assertion is neutral with 
respect to the hypothesis that the relative 
weights assigned by government officials 
to the arguments in their utility functions 
are systematically different from those as- 
signed by the. rest of the population. Fi- 
nally, the individual may be taken to be 
selfish in the sense that he values the right 
to make decisions regarding the allocation 
of the resources which he controls.?5 Even 


“One of the earliest statements of this general ap- 
proach was presented by Downs [15], whose current 
work provides additional insights into bureaucratic 
behavior [16]. More directly, however, the argument 
developed in this section represents an extension to 
government bureaus of recent developments in the 
theory of the firm [1] [11], and owes much to Alchian 
and Kessel [6] and to Becker [8]. 

% Since the right to make decisions regarding the el- 
location of resources affects the welfare of the chooser 
and is scarce, it is an economic good according to the 
standard definition of the term. As in the case of any 
. economic good, the lower the cost the more will be 

demanded. - 


if all government decision makers were 
motivated by the same lofty ideals, few 
would place the same relative weights on 
different goals or on different means of 
achieving them, and each would have the 
incentive to further those he prefers. 
Group decisions may thus be considered 
the outcome of decisions made by individ- 
uals in pursuit of their own self interest. 

By definition, a government decision 
maker, (d), must have some discretion in 
making choices. The amount of discretion 
which he has over the allocation of re- 
sources under his supervision, by defining 
the share of public property rights which 
he enjoys by virtue of his office, is a deter- 
minant of his transformation function bet- 
ween pecuniary and nonpecuniary sources 
of income, and, therefore, of his opportu- 
nity set. The weaker the correlation be- 
tween d’s welfare (as ke sees it) and that 
of higher level decision makers (as they- 
see it) the greater is the extent to which d. 
is likely to increase his own welfare at the 
expense of the latter. Higher level decision 
makers (ultimately, the owners—the vot- 
ers, in the case of democratic govern-. 
ment) recognize the existence of this in-. 
centive, and impose special constraints 
upon @’s choices. These constraints appear 
either explicitly or implicitly in the em- 
ployment contract, and may include such 
matters as detailed specification of the 
purposes for which the budget can be 
spent (e.g., line appropriations).** Nev- 
ertheless, since detecting and policing in- 
fractions are costly, and since higher level 
decision makers are also utility maximiz- 
ers, each decision maker has the opportu- 
nity to divert some resources to the max- 


* Exchanges do occur within the public sector [28]. 
Given the structure of search and transaction costs 
imposed by existing institutional constraints, however, 
such exchanges yield a much smaller degree of price 
uniformity than would prevail within the private sec- 
tor. By and large, different decision makers within the 
government will look at different structures of rela-` 
tive prices, including interest rates, ` - a 
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jmization of his own utility, sacrificing 
some of the utility of his hierarchical su- 
periors in order to increase his own by 
some increment.” 

The preceding comments are applicable 
to a bureaucrat within a business firm" as 
well as to a bureaucrat within a govern- 
ment. As Alchian notes [2], the crucial 
difference between private and public or- 
ganizations lies in the relatively higher 
cost of transferring shares of ownership in 
the latter.*° The only way an individual 
can change his portfolio of ownership in 
government organizations is to move from 
one jurisdiction to another or to change 
the structure of the organizations. This 
procedure is far more expensive than 
changing one’s portfolio of ownership in 
private organizations, and the opportunity 
set is more limited—for example, there 
are few communities in which an individ- 
ual may own shares in only one or two 


Even if the goals of decision makers at different 
hierarchical levels were identical, as the size of the 
organization increases the quality of the information 
received, and of the instructions provided by higher- 
level decision makers deteriorate (i.e the costs of 
maintaining the same level of quality increase), imply- 
ing an increased divergence between the decisions taken 
at lower hierarchical levels and those sought at higher 
levels [33] [37] [29]—and the rise of “organization 
men,” 

™ Alternative forms of business organization repre- 
sent, within broad limits, alternative contractual agree- 
ments among individual owners and managers as to the 
sharing of property rights to the resources of the firm. 
Given the market environment, it may be hypothesized 
that the owners will choose the wealth-maximizing 
form of business organization. To the extent that some 
organizations imply a greater opportunity for utility- 
maximizing behavior on the part of the managers, the 
‘wealth of the owners of the firm will be smaller than 
it would have been in. the absence of such behavior, 
but greater than it would have been with some other 
form of organization. Economic theory implies that 
this must be so, since individuals have an opportunity 
to choose which type of firm to establish and to own. 
Although the survival argument [4] is subject to some 
limitations, it does provide intuitive support for this 
assertion. 

* For further discussion of the economics of property 
Aa see, inter alia, [5, Ch. 9, 24] [3] [10] [12] [13] 

141. 


specific government activities.” For the 
purpose of this essay, therefore, property 
rights in public organizations may be 
taken to be nontransferable. The non- 
transferability of property rights in public 
organizations rules out individual special- 
ization in their ownership. Whether such 
specialization would have occurred as 
some individuals sought to make their 
wealth more dependent upon their own ac- 
tivities, or as some individuals sought to 
exploit their comparative advantage in 
control or risk bearing is not crucial. 
What is crucial is that, as a result, the 
owners’ incentive to detect and inhibit 
managerial behavior which they consider 
undesirable is weaker relative to the in- 
centive existing in privately owned firms. 


X An individual presumably would adjust to any 
given portfolio of ownership in public organizations 
by modifying his portfolio of ownership in competing 
and substitutable private assets. 

2 The consequences of any decision may include both 
pecuniary and nonpecuniary costs and benefits to (1) 
the individual who makes the decision, (2) other in- 
dividuals (e.g., owners) within the same organization, 
and (3) all other individuals in the community. Inso~ 
far as the decision maker is concerned, the only pe- 
cuniary and nonpecuniary consequences that are rele- 
vant to his decision are those that affect his welfare, 
including his taste for the welfare of others. All other 
consequences, to him, are externalities. A system of 
private property rights, by tying the wealth of the 
decision maker more closely to the consequences of his 
decisions, provides an incentive to internalize exter- 
nalities and to convert nonpecuniary into pecuniary 
costs and benefits [14]. 

In general, the behavior of owner-managed, non- 
regulated competitive business firms may be predicted 
with a tolerable degree of accuracy even if the non- 
wealth components of the manager’s utility function 
are disregarded. Application of the wealth-maximiza- 
tion model to a wider class of business firms, however, 
yields some implications which are falsified by the evi- 
dence (eg., the findings with respect to sales and 
growth “maximization”). For example, owner-man- 
aged monopolies subject implicitly or explicitly to 
government regulation find that auxiliary constraints 
upon their profits lower the opportunity cost of non- 
pecuniary sources of income. Moreover, alternative 
ownership structures of the firm (e.g., corporations) 
which weaken the relationship between the wealth of 
the managers and the wealth of the owners affect man- 
agerial choices systematically and predictably, and the 
wealth maximization hypothesis is no longer adequate. 
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In turn, this implies that higher level deci- 
sion makers in public organizations have 
relatively greater opportunity to pursue, 
and to translate through subordinates, 
policies conducive to increasing their own 
welfare relative to the welfare of the own- 
ers as the latter see it. It may be noted 
that the costs to the owners of enforcing 
contracts. may be expected to vary sys- 
tematically depending upon the govern- 
mental organization in question (e.g., 
local, federal, independent governmental 
agency). 

The utility maximization hypothesis im- 
plies that the individual decision maker 
(d) will seek to expand the resources 
under his supervision beyond the point 
which, if the costs of enforcing contracts 
were zero, would be optimal from the 
point of vew of higher level decision mak- 
ers. The higher the cost to superiors of en- 
forcing contracts with a lower level deci- 
sion maker, other things being the same, 
the larger the opportunity set of the lat- 
ter. By increasing the resources under his 
supervision, a bureaucrat will generate an 
increase in his marginal product, and, usu- 
ally, in his salary [25] [26] [36]. Simi- 
larly, d will have the opportunity to hire 
more congenial people and to undertake 
projects he prefers at the cost of some ef- 
ficiency as viewed by higher level decision 


Attempts to extend the wealth maximization hypothe- 
sis to choices within the government yield even poorer 
predictions; the relationship between the wealth of 
the managers and the wealth of the voters is so weak- 
ened as to be useless. It may be argued that the wealth 
of the owners is irrelevant in this context, and that the 
overt objective of government decision makers is to 
maximize the present value of some benefit or set of 
benefits for some given cost (or of minimizing such 
costs for a given basket of benefits), where the benefits 
to be sought are at least partially given to the or- 
ganization—proximately, perhaps by some long dead 
politician, ultimately, at least in democratic societies, 
by some of the voters, who also evaluate the perfor- 
mance of the managers. That, however, is precisely the 
point. Public ownership implies that the performance 
of the managers is even costlier to evaluate and to 
police, implying an even greater opportunity for utility 
maximizing behavior on the part of the managers. 


makers. Since the streams of pecuniary 
and nonpecuniary benefits which d ob- 
tains from his position are coterminous 
with his stay in office, the expected length 
of his tenure affects their present value 
(to him) and, therefore, the exchange ra- 
tios among alternatives in his field of 
choice. All other things being the same, 
d’s choices will reveal a higher time 
preference if he shares public property 
rights to some resources than if he owns 
private property rights to them: the op- 
portunity cost of alternatives foregone be- 
yond his withdrawal from public office is 
lower. It follows that d will have an incen- 
tive to shift expenditures from the future 
toward the present, including earlier in- 
vestments. As suggested in the next para- 
graph, this implies that d will have an in- 
centive to use as low a discount rate in 
evaluating investments in his “firm” as his 
superiors will allow. Moreover, since @’s 
performance is not evaluated by the profit- 
ability of his firm, he is induced to offer 
other evidence of his worth to the organi- 
zation. For example, the utility maximiza- 
tion hypothesis implies that presidents of 
tax-supported universities usually allocate 
relatively more of their resources to build- 
ing and equipment and relatively less to 
faculty than presidents of private institu- 
tions (buildings and equipment are more 
readily observed and understood by legis- 
latures and, ultimately, by taxpayers). 
Similarly, decision makers within the gov- 
ernment seek more visible tokens of their 
accomplishments. The managers of a gov- 
ernment unit responsible for building 
dams will build more and bigger dams 
earlier in time than the owners would 
allow if the costs of enforcing contracts 
were zero. 

The utility maximization hypothesis im- 
plies, inter alia, that government decision 
makers have the incentive to increase the 
current overall expenditures of their firms 
beyond the “optimum” point [30], fall- 
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ing short or exceeding it for specific proj- 
ects. Given currently accepted criteria for 
justifying the ranking of investments, this 
implies that d has the incentive to dis- 
count future costs and benefits at as low a 
discount rate as higher level decision mak- 
ers will allow.” Taking costs first, the 
lower the discount rate the higher is the 
present value of costs to be incurred in 
the future relative to costs incurred in the 
present, and the lower is the cost of capi- 
tal goods in the present relative to the 
present value of operating and other costs 
in the future.” Thus, ceteris paribus, 
lower discount rates favor more capital in- 
tensive projects with a higher proportion 
of costs incurred in the present. Turning 
to benefits, more capital intensive projects 
usually have a longer life; since benefits 
accrue over a longer period, ceteris pari- 
bus, the lower the discount rate the higher 
is the present value of the benefit streams, 
biasing choices in favor of longer-lived, 
more capital intensive investments. Thus, 
lower discount rates allow d to justify not 
only a reallocation of the investment 


= The presumption that voters and higher-level offi- 
cials attach at least some weight to present value cal- 
culations is suggested by the discounting rules adopted 
or recommended by various governmental agencies 
such as the Subcommittee on Benefits and Costs [39], 
the Bureau of the Budget [40], and the Bureau of 
Reclamation [41]. See [17, esp. pp. 94-95]. 

Suppose that project A consists of building a dam 
today and that project B consists of building the same 
dam in two stages, the first stage today and the second 
ten years hence. As the table below shows, the lower 
the discount rate the lower the present value of A’s 
cost stream relative to the present value of B’s cost 
stream—regardless of the size and time shape of the 
latter. 


Present-Value Costs 


Alternative Cost Streams O Per 5 Per 10 Per 
Projects t t+ 10 Cent Cent Cent 
A 200 o ” 200 200 200 
B 100 100 200 161 139 


The same relationship holds if A represents a project 
with given initial investment costs and given operating 
and other costs in the future, and if B represents a 
substitutable project with lower initial investment costs 
and higher operating and other costs in the future. 


budget from the future to the present, but 
an even bigger present budget.” 

The implication that the interest rate 
used to discount government investments 
is lower than the discount rate that would 
have been used by a private firm consider- 
ing a comparable investment does not 
seem inconsistent with the evidence. Inso- 
far as explicit rates are concerned, the De- 
partment of Defense has formally adopted 
a zero discount rate on a number of occa- 
sions, while the Bureau of Reclamation 
and the Corps of Engineers respectively 
have used 2.5 and 2.5-3 per cent for 
years [17, p. 94] [19, p. 97]. The list 
could easily be extended. Although im- 
plicit rates are more difficult to obtain, the 
current debate regarding why government 
investments are too capital intensive by 
private standards is at least suggestive. 

To justify the choice of projects which 
he prefers, d has the additional incentive 
to bias their costs downward and their 
benefits upwards relative to other projects 
he is considering.” There is considerable 
room for bias not only in the values to be 
attached to the items of cost or benefit 
considered, but also with respect to the 
items included or excluded. Benefits which 
are not relevant may be included, the life 


‘of the project may be made to appear lon- 


ger than expected, and so on. The oppor- 
tunity to bias benefit estimates, however, 
is much greater than the opportunity to 
bias cost estimates. First, costs are gener- 
ally incurred in the market, where they 


* Although the two approaches are not mutually ex- 
clusive, the utility maximization hypothesis seems to 
offer a much more plausible answer to the question 
of why governments undertake investments which are 
“too” long lived by private market standards than the 
answer, based upon altruism, offered by Marglin [24], 
Sen [32], and others. The point at issue will be con- 
sidered more carefully in Section IIT below. 

= The analysis does not imply that d is greedy or 
selfish in the vulgar sense of the word. The bias in d’s 
choices may well be due to his sincere belief that cer- 
tain projects are best for his fellow citizens. The point 
is simply that d’s preferences count. 
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may be measured directly, whereas the 
value of most benefits (even if market- 
able) is imputed. Secondly, costs occur ear- 
lier in time relative to benefits. Thus, the 
costs to higher level decision makers and 
to competing agencies of detecting (i.e., 
acquiring and processing the relevant in- 
formation) and policing bias are less for 
cost than for benefit estimates. The conse- 
quences are obvious. Moreover, as noted 
earlier, benefit-cost data may be expected 
to be biased toward larger, more impres- 
sive projects. 

There is some empirical evidence 
which, although weak and therefore to be 
considered with extreme caution, does not 
appear inconsistent with these implica- 
‘tions. For example, Freeman’s recent 
study [18] of six projects undertaken by 
the Bureau of Reclamation suggests that 
cost estimates were more accurate than 
benefit estimates. Although estimated 
costs exceeded realized costs by about one 
per cent (one difficulty here is the incen- 
tive to adjust actual to budgeted costs), 
all costs (e.g., the opportunity cost of 
water) were not included, and Freeman 
concludes that the economic costs of the 
projects were slightly understated. Ac- 
cording to Freeman, benefits were sub- 
stantially overstated; for example, he esti- 
mates that the actual benefits of one proj- 
ect were negative. Moreover, his observa- 
tion that adjusted benefit-cost ratios and 
` size of project were significantly but in- 
` versely correlated is particularly interest- 
-ing. Freeman’s findings are not presented 
-as a test of the hypotheses advanced in 
this essay; among other things, if the ar- 
gument presented in Section I above is 
correct, his measurement of costs and 
benefits would require modification. In 
conjunction with the empirical evidence 
relating to firms’ behavior (e.g., [1]), 
however, they suggest that extension of 
the utility maximization approach to gov- 
ernment decisions is sufficiently fruitful to 
justify systematic evaluation. 


IO 


-The current debate regarding the dis- 
count rate applicable to choices within the 
government has suffered from the failure 
to distinguish clearly between the rate(s) 
which a government official is induced to 
use by the institutions affecting his 
choices and the rate(s) which he should 


‘use. If the purpose is to predict which 


projects will be undertaken, the analysis 
must relate the set of objectives sought by 
the decision maker (his utility function) 


‘to the limitations upon his field of choice 


(his budget constraint, broadly inter- 
preted). If the purpose is to determine 
which projects should be undertaken ac- 
cording to some other criteria (e.g., 
Pareto efficiency), then a case must be 
made for their relevance, and the analysis 
must show the consequences of their 
adoption upon the allocation of resources. 

The literature so far has focused upon 
the issue of which projects should be un- 
dertaken, subject to the usually implicit 
constraint that the costs of adopting and 
enforcing the chosen criteria of efficiency 
are zero. Hirshleifer, for example, has 
argued on Paretian grounds that the dis- 
count rate should be the same rate that 
would be applied, in principle, by a busi- 
ness firm evaluating a comparable invest- 
ment [20]. Comparable investments are 
defined as those having the same propor- 
tionate distribution over time of contin- 
gent claims to net income for the same 
probable future states of the world. A 
number of economists, on the other hand, 
have suggested that the discount rate used 
within the public sector should be lower 
than the rate currently prevailing in the 
private sector (e.g., [7]). To the extent 
that the arguments offered by individuals 
in this group are not elegant statements of 


* A price-taking, wealth-maximizing firm and, say, 


‘a monopolistic, utility-maximizing firm contemplating 


comparable investments would not necessarily use the 
same discount rate. Only price-taking firms presumably 
would provide an acceptable Peretian benchmark. 
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personal value judgments, they rest 
largely upon the belief that variations in 
transaction, information, and insurance 
costs prevent equivalent time-state claims 
from selling at the same price (a phe- 
nomenon usually ascribed to “market im- 
perfections”), and thus lead to higher 
rates in the private sector than would oth- 
erwise be the case.” Arrow, carrying the 
issue of market imperfections one step 
further, has suggested that both public 
and private rates should be equal at a 
lower discount rate than currently pre- 
vails in the market [7]. Even if the alter- 
native techniques for achieving this objec- 
tive were known, their implementation 
costs cannot be equal to zero. Moreover, 
such proposals at best would affect only 
marketable investments; even then, as the 
discussion in Section I above implies, their 
implementation would still fail to yield an 
unambiguous ranking of the projects in- 
volved. 

Although the distinction may seem arti- 
ficial for some purposes, the arguments 
for using a lower discount rate within the 
government perhaps should be separated 
from those seeking to explain why govern- 
ments in fact do undertake investments 
which are too long-lived by market stan- 
dards. In particular, Marglin recently of- 
fered an explanation based upon the 
altruism of present toward future 
generations.” Marglin’s statement evoked 
some sharp criticisms,” and subsequently 


"Tt is not wholly clear that the evidence justifies 
this belief. One problem is that alternative time-state 
claims which seem equivalent to the investigator may 


in fact not be equivalent to the buyers and sellers of © 


such claims. 

™ Marglin’s argument, based upon a model incor- 
porating altruism as a variable in individual utility 
functions, is that external effects render an atomistic 
market inadequate for registering the time preference 
of individuals [24]. Marglin concludes that the interest 
rate determined in the market need not have any nor- 
mative significance in planning collective investments. 

* Tullock [34] objects to a formulation placing 
altruism toward the present generation in clear oppo- 
sition to altruism toward future, wealthier genera- 
tions. Usher [35] argues that altruism alone is not a 


Sen [32] attempted to salvage the argu- 
ment. Sen considers a community of indi- 
viduals each of whom must choose one of 
two alternatives, A or B, where the payoff 
to each individual is a function of the ac- 
tions of all individuals. Moreover, the 
preference ordering of each individual sat- 
isfies the two following conditions: (1) 
given the set of actions of others, the indi- 
vidual is better off doing A rather than B, 
(2) given the choice between everyone 
doing A and everyone doing B, each indi- 
vidual prefers the latter to the former. If 
B stands for saving one more unit for the 
sake of future generations and A for not 
doing it, Sen’s analysis seems to suggest 
that altruism unambiguously yields the 
desired implication. If intended to explain 
the phenomenon at issue, such an argu- 
ment must be faulted at least on method- 
ological grounds. The conditions specify- 
ing the preference ordering of individuals 
are not initial hypotheses in the deductive 
system of economic theory. Rather, they 
are the antecedent conditions which spec- 
ify the set of circumstances in which Sen’s 
model is applicable. Thus, the validity of 
the antecedent conditions must be estab- 
lished empirically. In the absence of such 
empirical evidence, the model has no ex- 
planatory value. There is an infinite num- 
ber of ad koc assertions consistent with 
any given set of observations, and, with- 
out additional evidence, there is no deci- 


` sion rule that allows the investigator to 





sufficient condition for the actual rate of investment 
to differ from the socially optimal rate as defined by 
Marglin. Lind [22] suggests: (1) if every individ- 
ual, given market equilibrium, feels that the marginal 
tate at which he is willing to substitute present for 
future consumption is correct for every other individ- 
ual, then his private and social rates of discount are 
equal and the market rate is of normative significance 
for public investment decisions; (2) in general, it is 
not possible to achieve Pareto optimum by setting the 
interest rate at any particular level; in this sense, there 
is no social rate of discount. Lind also argues that, 
from the standpoint of economic welfare, the distri- 
bution of total investments among individuals is as. 
important as the level of total investment, and a po- 
litical solution fs required. 


QA | 
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discriminate among the alternative hy- 
potheses. The implications of the utility 
maximization hypothesis derived in this 
essay, on the other hand, can draw for in- 
direct support upon the empirical evi- 
dence relating to recent extensions of the 
theory of the firm [1] [38] and to the 
theory of consumer behavior. 

Granting that altruism is an argument 
of individual utility functions, the utility 
maximization hypothesis implies that a 

- decision maker, in response both to his al- 
truism and to the effect of the altruism of 
others upon his burget constraint, will al- 
locate some resources to gifts of various 
types, including gifts to future generations. 
In addition to altruism, however, some 
members of the present generation also 
derive pecuniary and nonpecuniary in- 
come today from the selection of pro- 
grams supposed to benefit future genera- 
tions. Given the present institutional 
framework, the effect of such incentives 
cannot be negligible. For predictive pur- 
poses, the relevant set of relative prices 
(including the cost of the earlier utiliza- 
tion of resources) is that which confronts 
the individual decision maker. The cost to 
d of undertaking a project is the utility he 
foregoes on the other projects he could 
have undertaken instead, and the usual 
equilibrium conditions will be fulfilled. 

Clarifying the consequences of adopting 
alternative efficiency criteria undoubtedly 
facilitates the political task of choosing 
the relevant criteria. But even if everyone 
in the community agreed upon the final 
criteria to be used in selecting projects, 
there would remain the problem of induc- 
ing the government officials responsible 
for the choice to use the criteria in the ap- 
propriate way. Solution of this problem 
rests upon understanding why projects are 
undertaken, and, therefore, of the conse- 
quences of alternative systems of property 
rights upon the choices of decision makers 
within the government. That is, the ques- 


tion “Which government investments 
should be undertaken?” is a part of the 
larger question “What system of property 
rights within the government will bring 
about (at what cost? to whom?) a more 
desired (by whom?) allocation of re- 
sources?” One objective of this paper is to 
shift attention to the study of this prob- 
lem. 


IV 


Extension of the utility maximization 
hypothesis to choices within the govern- 
ment, given the existing structure of prop- 
erty rights, suggests that a decision maker 
d has the incentive and the opportunity to 
shift investment outlays from the future 
toward the present. This implies that d 
has the incentive to discount the cost and 
benefit streams of government invest- 
ments at a lower interest rate than would 
be used by a decision maker within a pri- 
vate firm considering a comparable invest- 
ment. Moreover, d has the incentive to 
bias benefit-cost data in favor of projects 
he prefers, including larger, more impres- 
sive projects. The analysis here suggests 
that the opportunity to bias benefit esti- 
mates is relatively greater than the oppor- 
tunity to bias cost estimates, with obvious 
consequences. These implications do not 
appear to be inconsistent with observa- 
tion, and, iter alia, offer a more plausible 
answer to the question of why govern- 
ments undertake investments that are too 
long-lived by private standards than the 
answer, based upon altruism, recently of- 
fered in the literature. 

In general, benefit-cost analysis seems 
incapable of ranking government invest- 
ment options unambiguously. If the pat- 
tern of taste of the decision maker is rele- 
vant to the choice, the question of bias in 
these choices may usefully be explored. 
But even if benefit-cost analysis could 
rank options unambiguously, the problem 
would remain of inducing government of- 
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ficials to apply the relevant criteria cor- 
rectly. Solution of this problem would still 
rest upon understanding the consequences 
of alternative systems of property rights 

‘upon the choices of decision makers 
within the government. Subject to the lim- 
itations noted in this essay, as well as oth- 
ers already well known, benefit-cost anal- 
ysis undoubtedly is useful. 
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Rules for Ordering Uncertain’ Prospects 


By Joser Hanar AND WILLIAM R. RUSSELL* 


In many theoretical as well as practical 
situations one is frequently confronted 
with the necessity (or at least desirability) 
of making a prediction about a decision 
maker’s preference (choice) between given 
pairs of uncertain alternatives without 
having any knowledge of the decision 
maker’s utility function. Various ap- 
proaches to this and related problems have 
appeared in the literature, the most popu- 
lar of which involve comparisons of means 
and variances of the probability distribu- 
tions in question, Examples of these 
approaches are the works of Harry 
Markowitz [3] and James Tobin [6] [7]. 
It turns out, however, that since expected 
utility is, in general, a function of all 
the moments of the probability distribu- 
tion, rules of comparison involving only 
two moments are valid only for limited 
classes of utility functions, or for special 
distributions. It is well known, for in- 
stance, that, if the utility function is 
quadratic, then only the mean and the 
variance enter into the calculation of 
expected utility. In that case the decision 
maker will always prefer the prospect with 
the lower variance (if he is a risk averter), 
given that the prospects under considera- 
tion have identical means; or prefer the 
prospect with the higher mean so long as 
the variances are the same. More generally, 
H. M. Markowitz [3] and Marcel Richter 
[5] have shown that, if the utility function 
is an nth-degree polynomial, then the first 
n moments have to be considered. But it is 
clear that, if two distributions differ in all 
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of their first n moments, then in order to 
determine preference for these distribu- 
tions, one needs to know the magnitudes 
as well as the signs of the » derivatives of 
the utility function. In general, economists 
are reluctant to impose this many restric- 
tions on the utility function because of the 
severe loss of generality incurred by such 
restrictions. 

Thus, except for such special cases as 
the quadratic utility function, the specifi- 
cation of distributions in terms of their 
moments is not likely to yield strong 
results, essentially because information 
about the moments cannot be utilized 
efficiently for the purpose of ordering un- 
certain prospects under conditions in 
which the utility function is unknown. In 
this paper we propose two rules which 
are more powerful than the “moment 
method.” Under the stronger of these rules, 
distributions may be ordered according to 
preference, given amy utility function, 
while under the weaker rule orderability 
obtains for any utility function which 
exhibits nonincreasing marginal utility 
everywhere. 


I. Preliminary Discussion 


Since in this paper we are concerned only 
with individuals who maximize expected 
utility, we may briefly go back to the 
axioms of expected utility maximization in 
order to show how these axioms are 
related to the proposed rules. Let ta and 
t denote the utilities, respectively, of 
prospects a and 6, and assume fa< t. 
(The prospects a and b may be either pay- 
offs offered with certainty, or uncertain 
prospects; in the latter case the notation 
ua and t should be interpreted as expected 
utilities.) If œ and @ are probabilities, and 
a<f, then it follows from the so-called 
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independence axiom that 
(1) (1 — 8) ta + Buy > (1 — 2) tte + omy! 


This preference between two prospects 
with identical payoffs has an intuitively 
appealing explanation: between any two 
uncertain prospects such as the above, an 
individual will always prefer that prospect 
in which the probability of receiving the 
preferred payoff is higher. In fact, it may 
be helpful to suggest here that the pre- 
ferred prospect in the above example may 
be thought of as having been constructed 
from the inferior prospect by a redistribu- 
tion of probabilities from the lower payoff 
to the higher payoff. 

Consider now a similar situation for n- 
payoff prospects. The utilities are denoted 
by #,, and they are labeled in the order of 
their magnitudes; i.e., #;> uy if and only if 
i>j. The respective probabilities are 
denoted by æ; and f;. The following ques- 
tion may then be posed: Given an uncer- 
tain prospect with utilities «,, s=1, 
2,°°°, n, and respective probabilities 
a; t=1, 2, - - -, #, is it possible to con- 
struct another uncertain prospect with the 
same utilities, and with probabilities ,, 
#=1,2,---+,, such that it will be pre- 
ferred to the former prospect by any ex- 
pected-utility-maximizing individual? The 
clue to how this can be done is, of course, 
to be found in the above two-payoff ex- 
ample; namely, by a redistribution of prob- 
abilities towards the higher payoffs. Thus, 
if we assume 


(2) f > By, a < Be 
for all ¢,+ =Æ J, k, 


then the new prospect is preferred to the 
initial one; i.e., 


where j <k, 


a = By 


(3) > Baur > D>, ams. 
i1 


. t=1 
This result follows directly from (1); if we 
subtract 


1 For the proof see John von Neumann and Oskar 
Morgenstern [8, p. 618]. 


Do ests 

> 

ik 
from both sides of the inequality in (3), 
then we obtain an inequality between two 
two-payoff prospects similar to that given 
in (1). 

The concentration of probabilities at the 
higher payoffs which distinguishes the pre- 
ferred prospects from the inferior ones in 
both (1) and (3) can be given a more 
formal characterization. We note that 
BSa; i=1, 2,---9, e k=l, by as- 
sumption (2), hence 

k—1 


kt 
dBi < Dai. 
i=l i=l 


But since we also have B;=a,, i=k+1, 
k+2, +--+, n, it follows that 


Dh = Doar =k k+1,--+,n. 
tal tal > 
Therefore the following condition holds: 
DoS Das r=1,2,-+-,n. 
tol ial 


In words, the value of the cumulative dis- 
tribution of the preferred prospect never 
exceeds that of the inferior prospect. This 
condition is known as stochastic dominance, 
and so we say that the preferred distribu- 
tions (prospects) in examples (1) and (3) 
are stochastically larger than the inferior 
distributions (prospects). 

It is clear that, in the absence of any 
specification of the utility function, the 
construction of a prospect that is preferred 
to any given prospect can be accomplished 
only by making use of condition (1), i.e., 
by a redistribution of probabilities toward 
the higher payoffs. While we demonstrated 
only one such construction in example (3), 
it should be obvious that by following this 
procedure iteratively, one can construct 
as many preferred prospects as one may 
desire; and it will, of course, be true, be- 
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cause of the transitivity of preferences, 
that all such prospects will be preferred to 
the original prospect. The above illustra- 
tions clearly show that there exists a close 
relationship between stochastic domi- 
nance, on the one hand, and preference be- 
tween uncertain prospects on the other. In 
fact, this relationship can be stated more 
precisely in the form of two propositions, 
each of which is the converse of the other: 

Proposition 1. Given any two prospects 
P and P’, if P is stochastically larger than 
P’, then P is preferred to P’, regardless of 
the specifications of the utility function. 

Proposition 2. Given any two prospects 
P and P’, if P is preferred to P’ for all 
utility functions, then P is stochastically 
larger than P’. 

The above propositions have been 
proved by James Quirk and Rubin Sapos- 
nik [4] for prospects with a finite number 
of payoffs. We provide proofs for discrete 
as well as continuous distributions. But 
more important, we show that the set of 
orderable distributions can be enlarged by 
placing a (frequently invoked) restriction 
on the utility function. The second set of 
results of this paper shows that, if the 
utility function has nonincreasing mar- 
ginal utility everywhere, then propositions 
such as the above can be proved for pairs 
of distributions which satisfy a condition 
that is weaker than stochastic dominance. 


II. Formal Results 


First, we introduce the concept of sto- 
chastic dominance in a formal manner. 
Strictly speaking, since we are using two 
different types of dominance in this paper, 
we shall modify the accepted terminology 
slightly. Let f and g denote the probability 
functions of a (discrete or continuous) ran- 
dom variable taking the values x; or x, 
and let F(x;) and G(x,;) be the respective 
cumulative distributions. Throughout the 
paper we shall adopt the convention of 
labeling the values of the random variable 
in accordance with their magnitudes; i.e., 


x; >a, if and only if i>j. The set of the x, 
is denoted by X. 

The first definition is that of first-degree 
stochastic dominance (FSD) which is the 
same concept as that which in the litera- 
ture is known simply as stochastic domi- 
nance.? This condition holds between any 
two distributions whenever one cumulative 
distribution lies entirely, or partly, above 
the other. 

Definition 1. The probability function g 
is said to be at least as large as f in the 
sense of FSD if and only if 


G(x) < F(x,) for all a; E X. 


The second dominance condition is 
weaker than FSD, and we refer to it as 
second-degree stochastic dominance (SSD). 
It holds whenever the area under one cu- 
mulative distribution is equal to, or larger 
than, that under the other cumulative dis- 
tribution. 

Definition 2. The probability function g 
is said to be at least as large as f in the 
sense of SSD if and only if 


GaAs < J, F(æ)Az; forallr <n, 
iml i=l 


where Ax;= xı% and x, is the largest 
value taken by the random variable. If the 
random variable is continuous, taking its 
value in the closed interval J=*:—2,, then 
the above inequality takes the form 


f eow < f row for all x E T. 


It is easy to verify that FSD implies SSD. 
Throughout the paper it is assumed that 
the random variable is one-dimensional. 


1. Orderability under FSD 


In this section we are concerned with 
preference among uncertain prospects 
under conditions in which the utility func- 
tion is not restricted in any essential 


12 For the definition and certain applications of this 
concept see e.g. [1] and [2]. 
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fashion. More precisely, we shall consider 
utility functions «=¢(x) that are members 
of thesetU,,whereU i= {6(x):¢CD1(«1,4n), 
¢’>0}, Dili, x.) represents the set of all 
functions that are continuous and have a 
continuous first derivative in the closed in- 
terval J=2,;—x,, and ¢’=d¢/dx. At first 
we confine ourselves to probability dis- 
tributions in which the random variable 
assumes only a finite number of distinct 
values, the latter being denoted by xi, 
4=1,2,+-.-,, We consider any two dis- 
crete probability functions defined on X, 
and write these as f(%;) =a;, and g(x) =x. 
The respective cumulative distributions 
are given by 


F(x) = Do f(a), and 


G(x) = 2s ele). 


Theorem 1. If g is at least as large as f in 
the sense of FSD, then g is at least as pre- 
ferred as f; i.e, if G(x:)<F(x:) for all 
xE X, then #,—a,>0 for all pE Ui, where 


ü = >) aglr), and 
i=] 


ü; = > Bsb(2:). 
to] 


Proof. Using the Theorem of the Mean, 
it can be shown that 


n—l 
(4) olr) = Alan) — D o'G)Aa, 
i=1,2,-++,n—-1, 


where ¢, is a properly chosen point between 
x, and #41, and Az, as defined in Definition 
2. Since 


-g= > (8s — ax) o(x:), 
iml 
we have 


(5) fa — ty = 


È løln) — 3 g (E) Atte] (8: — a) 
= — 5 p (ENIGE) — F(a) Aa, > 0. 
Ta] 


The above inequality follows directly from 
the fact that ¢’>0 and Ax, >0 by defini- 
tion, while [G(x,)—F(x-)]<0O by the hy- 
pothesis of FSD. It is also clear that, given 
the dominance condition, g will be strictly 
preferred to f if and only if f and g are 
different functions, in which case we have 
[G(2x,) — F(2,) ]<0 for at least one r. 

It should be pointed out here that a re- 
sult such as (5), or (10) below, may be ob- 
tained not only for differences between 
expected utilities, but also for differences 
between the expectations of any mono- 
tonically increasing function (since mono- 
tonicity was the only property of ¢(x) used 
in the above proof). In particular, since the 
functions 4, k=1, 3, 5,--+, are mono- 
tonic functions for all EJ, it follows im- 
mediately that, if g is at least as large as f 
in the sense of FSD, then all the odd 
moments around zero of g are at least as 
large as the respective moments of f. In 
the special case in which the domain of 
definition 7 is a subset of the nonnegative 
half-line, then all the moments around zero 
of the dominant distribution are at least as 
large as the respective moments of the in- 
ferior distribution. 

We now prove the converse of Theo- 
rem i. 

Theorem 2. If g is preferred to f for all 
utility functions, then g is larger than f in 
the sense of FSD; i.e., if #,—a,>0 for all 
@EU,, then G(x;) <F(x;) for all +,EX, the 
strict inequality holding for at least one 
vex. 

Proof. The proof is by contradiction. It 
is shown that, if the conclusion of the theo- 
rem fails to hold, then there exists a utility 
function in U, for which the hypothesis of 
the theorem is contradicted. For this pur- 
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xa (b — a) (axs — bx)z 
(6) p(x) = {2(%, — a) (ae — 21) 

bx 

(ax, — bx) (b — a)x 
(7) (a) =} (te — a1) (te — a) 

b 
O 4% —a=— Ð (4+ BEIGE) 

where 
n (axr T bz) 


O a) 





pose it is sufficient to assume that there 
exists #,€X, x, >, such that 


G(x) = F(x) 


and 


fora S xi; < %, 


G(x) < F(x;) for £e L £i L £a. 


Consider the utility function (6) shown 
above. The parameters a and b may be 
chosen freely, subject only to the condition 
a>b>0. Differentiating (6) with respect 
to x gives equation (7). It is easily verified 
that ¢CU,. But by virtue of (5) we now 
have equation (8). Clearly, the first sum on 
the right-hand side of (8) is nonnegative, 
while the second sum is nonpositive. 
Furthermore, each of the terms (A+ Bé,) 
is an increasing function of the parameter 
a, hence the magnitude of the first sum can 
be made arbitrarily large by making a suf- 
ficiently large. Therefore there exists a 
utility function in U; for which #,— ü; <0.? 

Since many economic variables (such as 
profit, income, rate of return, wealth, etc.) 
are continuous in nature, we feel that it is 
useful to provide also the continuous ver- 
sions of the above theorems. For this pur- 
pose we need not redefine the concept of 
FSD, except that we now think of f and g 


3 For alternative proofs of Theorems 1 and 2 see 
Quirk and Saposnik [4]. 


and B 


` a, — = (x) [G(a) — F(x)] | 


(b — ajz? 


— form < x L tr 
L(x — 21) : i 


for t% < 2 < an, 
form <2 < tr, 
for a. S x < ay. 


— F(a) |Ax, — £ b[G(a,) — F(a) Ace, 
Peak 


(6 — a) 


Tea): 


as probability density functions. The lat- 
ter, as well as the utility function ¢(x), is 
defined on the interval J=2,—2,.4 
Theorem 1'. lf G(x) <F(«) for all EJ, 
then #,—#;>0 for all $C. 
Proof. By definition 


O m=i = f DO —sfe)lae, 


Integrating by parts gives 


ay 
a, 


uo =~ OCORRA 
y 


=~ [VOO — Folds > 0. 
2 


Here we see again that g will be strictly 
preferred to f if and only if the two density 
functions are not identical. 

Theorem 2’. lf &#,—a,>0 for all pEU,, 
then G(x) <F(«) for all «EJ, the strict in- 


t The assumption that the range of the random vari- 
able is finite is not really a serious assumption, since 
the range can always be made as large as one may de- 
sire. After all, the maximum amount of income or 
wealth that an individual may either gain or lose is 
always finite. As a matter of fact, however, the results 
can also be proved for conditions under which the do- 
main of definition is allowed to go to infinity. But since 
the proof then requires the introduction of fairly tech- 
nical arguments that are likely to becloud the con- 
ceptual substance of the proposed rules, we felt that it 
was desirable not to do so in the present paper. 
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equality holding for at least one +I. 

Proof. The proof is similar to that of 
Theorem 2. Suppose that there exists 
x EI, x,>%1 such that G(x) >F(x) for 
%1<a<a,, and G(x) <F(x) for s <x <tr. 
Then for the utility function given in (6) 
we have by virtue of (10) 

Zh 

-4 = — f (4-+ Ba) [G(2) — F(æ)]dz 

(11) $ 


Ta 
- f “sle(2) - Pels, 


A and B as defined in the proof of Theo- 
rem 2. It is obvious again that, by choosing 


a sufficiently large, the expression in (11) 


can be made nonpositive. 

The most important implication of The- 
orems 1 and 2 (or 1’ and 2’) is the fact that, 
when no restrictions are placed on the 
utility function, then FSD is necessary and 
sufficient for preference among pairs of 
uncertain prospects. In other words, FSD 
is the weakest condition that will guaran- 
tee preference for one prospect over an- 
other for all utility functions in the set Uj. 
The significance of this result is discussed 
further in Section III below. At this point 
we turn to the problem of ordering uncer- 
tain prospects under the weaker of the two 
dominance conditions. 


2. Orderability under SSD 


In this section we consider utility func- 
tions with nonincreasing marginal utility. 
More precisely, we are concerned with 
preference among uncertain prospects for 
all utility functions «=¢(x) in the set U;, 


where U:= fola): 6CD3(a1, xn), $’>0,' 


$” <0}, Di(a1, £a) is the set of all continu- 
ous functions with continuous derivatives 
of order one and two in the closed interval 
I=21—4%,, and ¢”=d¢/da?. Utility func- 
tions that are members of U; exhibit what 
is known as weak global risk aversion.2 We 

ë That is, a decision maker whose preferences are 
represented by a utility function in U; will never prefer 


an uncertain prospect P over a certain payoff which is 
equal to the expected value of P. 


prove theorems similar to those in Section 
1 above, starting with the discrete case. 

Theorem 3. If g is at least as large as f 
in the sense of SSD, and marginal utility 
is everywhere nonincreasing, then g is at 
least as preferred as f, i.e., if 


> G(x) Axs < > F(x) Ax: 


for all r<n, then 4,—4@,>0 for all pEU.. 

Proof. Applying the Theorem of the 
Mean in a fashion similar to that which led 
to equation (4), we have 


(122) PE = Ga) E oaa 


r=1,2,-++,n — 2, 
where n, is a properly chosen point between 
& and &41, and AtZ=&..—&. Substituting 
for the ¢’(é,) in (5) from (12) yields 


n=l 


he — y=- 3 [e (n) 


a—2 


(13) — D o Atella) — F(a) Aa 
Sages 5 [G(*,) ~ F(%)]Az, 


+ 5 p” (n) AEs = [G(,) — F(s)|Ax, > 0, 


aml 


We may point out one implication of the 
result in (13): if SSD holds between any 
two distributions, then, just as in the case 
of FSD, the mean of the dominant dis- 
tribution is at least as large as that of the 
other distribution, but the SSD condition 
imposes no general restrictions on the rela- 
tive magnitudes of the higher moments of 
the distributions in question. It follows, 
therefore, that the set of distributions that 
can be ordered by means of SSD is, in 
general, larger than that which may be 
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_ at} 4 [ Gx, 45 
— e anann nnana x 
6(a Sa x) 2(xr = x) 


(14) (z) = 

bx 

axy? Bie OX% 

(15) (a) = {2(%y — m1) (zx — 1) 

b 

ax, ax 

Se ee 
(16) "(x)= (se — 01) (m — m1) 
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ordered by means of FSD. Moreover, SSD 
is also necessary for preference among un- 
certain prospects for all utility functions 
in U.. Hence we can prove the converse of 
Theorem 3. 

Theorem 4. If g is preferred to f for all 
utility functions with nonincreasing mar- 
ginal utility, then g is larger than f in the 
sense of SSD; i.e., if #—da,>0 for all 
EUs, then 


Y Glx)an < È F(x) Axe 


i=l 
for all r<n, the strict inequality holding 
for at least one value of r. 
Proof. We once more use a proof by con- 
tradiction. To simplify notation let 


H(z) = 2, [G(a.) — F(a) Ax 


foal 


Suppose that there exists EX, %.>4%1 
such that H(x:)>0 for #:<a:;<a, and 
H(z) <0 for x2,<2:;<a,. Consider the 
utility function shown in (14) above, 
where a and b are freely chosen positive 
parameters. Differentiating (14) gives (15) 
and differentiating (15) yields (16) above. 
It is obvious that ¢(x)GU;. Now, how- 
ever, we have 


(17) B — ty = — $'(En—1) H (ta) 
+ 27 (A + Bn) H(t -1); 


] axx? ax? 
2(te — 41) Olz — xı) 
fora L< x L tr, 
for Ta L 2% L %, 
ax? 
m form L x L tr, 
2( ae — x) 


for ze L x L £a 


for 2, L x L mm, 


for % < £ L Zn 





where 


— Gx, a 
= and B= 
(zr — x1) 


The first term on the right-hand side of 
(17) is nonnegative, while the sum in (17) 
is nonpositive. But each of the terms 
[A+Bn.] is an increasing function of the 
parameter a, hence the magnitude of the 
sum can be made as large as desired by 
choosing a sufficiently large. Therefore 
there exists a utility function in U, for 
which the hypothesis of the theorem is con- 
tradicted. 

The last two theorems are the continu- 
ous versions of Theorems 3 and 4. 

Theorem 3’. If 


f KO < f FO 








(žs — %1) 


for all EJ, then #,— 20 for all dC U3. 
Proof. Integration by parts yields 


as) f VOH - Peds 
= #@ [TEO - Fovlayln 


= f wO Í i [6) — FO) ayer. 


Substituting for the integral in (10) from 
(18) gives 
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(19) i, — ty = 


- (2) fT (66) - rola 


a 


+ [ro f eO -Folia 0. 


Theorem $. Ti e — ü; >0 for al 6EUs, | 


then 
Í “Coy < f “Poy 


for all xE&Z7, the strict inequality holding 
for at least one xEl. 

Proof. The proof is similar to that of 
Theorem 4. To simplify notation let 


BG) = f eO) -= Foyley 


Suppose that there exists x, E1, x, > xı such 
that H(x)>0 for xı<x <x, and H(x)<0 
for 7, <2 <x. Then for the utility function 
given in (14) we have by virtue of (19) 


th, — dy = — bH(%n) 


(20) £ f "(A + Ba) H(a)de, 


A and B as defined in the proof of Theo- 
rem 4. It is clear that, by choosing a suff- 
ciently large, the expression in (20) can be 
made nonpositive. 


HI. Summary and Conclusion 


One of the objectives of this paper was 
to suggest a set of rules for ordering uncer- 
tain prospects; that is, to specify condi- 
tions which will permit us to make predic- 
tions about preference. The single most 
important property of these rules is that 
they are not only sufficient, but also neces- 
sary for the respective class of utility func- 
tions. For example, in the absence of any 


restriction on the utility function (except 
monotonicity), we find that FSD implies 
preference. But at the same time, if an un- 
certain prospect i is known to be preferred 
over another prospect for all monotonic 
utility fun ‘tions, then FSD must hold. 
This means essentially that a state of pref- 
erence implies something about the charac- 
teristics of the prospects in question. Thus 
by means of the FSD condition we can not 
only predict preference, but we can also 
make a statement about the characteris- 
tics of the ‘uncertain prospects. For in- 
stance, we have indicated in the paper that 
FSD implies a certain relationship between 
the odd moments (and sometimes also be- 
tween the even moments) of the prospects 
under consideration. Consequently, given 
that P is preferred to P’ for all monotonic 
utility functions, we can immediately say 
that all the odd moments around zero of P 
are larger than the respective moments 
of P. l 

Similar relątionships hold with respect 
to the SSD condition if the utility function 
is assumed to be concave. In fact, since 
SSD is a weaker condition than FSD, it is 
capable of ordering a larger set of distribu- 
tions than that which is orderable under 
FSD. Indeed, the theorems that make use 
of SSD may be more important than those 
involving FSD because of the central posi- 
tion occupied, by the concavity assump- ` 
tion. Not only is this assumption widely 
used in the literature, it is in fact a neces- 
sary condition for the existence of a maxi- 
mum in a large class of problems involving 
the maximization of expected utility. Cer- 
tainly, it is obvious that any result within 
the framework of the theory of risk aver- 
sion can be established directly by means 
of SSD. Conversely, any case of preference 
under risk aversion must imply SSD; if the 
latter condition fails to hold, then the re- 
sult must necessarily be due to a special 
assumption about the functional form of 
the utility function. 


i 





| 
l 
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Since FSD and SSD are both necessary 
and sufficient, rules involving the latter 
conditions must be superior to those in- 
volving comparisons of moments. The 
latter rules, as is well known, yield con- 
clusive results only for a special class of 
utility functions (e.g., quadratic), or for 
special distributions (e.g., those depending 
only on mean and variance). The general- 
ity of the latter rules is, therefore, severely 
restricted. In fact, in those cases in which 
the application of the moment method is 
made possible by confining consideration 
to a special class of distributions, the util- 
ity function being either unrestricted or 
assumed concave, any determinate results 
must imply SSD, or even FSD, depending 
on the assumption about the utility func- 
tion. If so, the same results can be estab- 
lished by using one of the dominance con- 
ditions directly, thereby obviating the 
necessity of imposing a restriction on the 
class of admissible distributions. Since no 
such restriction is required in the applica- 
tion of the dominance conditions, it is 
clear that the moment method is, on the 
whole, less powerful as a means of ordering 
uncertain prospects. 

The weakness inherent in methods in- 
volving comparisons of means and vari- 
ances also manifests itself in Markowitz’s 
efficiency frontier. For example, suppose 
we consider the case of global risk aversion. 
Then the true efficiency frontier consists of 
a set of prospects with no two prospects in 
that set satisfying the SSD condition (since 
otherwise there is preference, in which case 
both prospects cannot be on the frontier). 
But the Markowitz frontier may not sat- 
isfy this requirement. All we know about 
the latter frontier is that, between any two 
prospects on the frontier, one has a higher 
mean as well as a higher variance than the 
other prospect. However, it is not difficult 
to think of (or construct) examples of dis- 
tributions where the one with the higher 
mean and variance is larger than the other 


in the sense of SSD (or FSD). It may, 
therefore, very well be the case that some 
pairs of distributions on the Markowitz 
frontier are in fact orderable by means of 
either SSD or FSD, in which case at least 
one prospect of each such pair does not 
belong on the frontier. Conversely, pros- 
pects that are off the Markowitz frontier 
could possibly be members of the true 
frontier set inasmuch as they may be 
neither larger nor smaller in the sense of 
either SSD or FSD than any other pros- 
pect on the frontier.® 

On the practical level, the use of either 


‘FSD or SSD should prove to be the most 


direct and efficient approach to a large 
number of specific problems. As was 
pointed out in Section I, the imposition of 
FSD is equivalent to a redistribution of. 
probabilities from lower payoffs to higher 
payoffs; in terms of the cumulative dis- 
tributions, it amounts to lowering the 
values of the cumulative distribution (rela- 
tive to some other distribution) for some 
values of the random variable without 
raising them at any other points. Con- 
sequently, in order to test for the existence 
of FSD one needs only examine and com- 
pare the cumulative distributions of the 
prospects under consideration. The SSD 
condition, on the other hand, places a re- 
striction on the areas under the respective 
cumulative distributions, and hence it may 
be applied with equal facility. We thus see 
that both FSD and SSD are specifications 
of the type that may be easily applied to 
actual problems since they are defined in 
terms of the very same concepts which are 
customarily used for the description of un- 
certain prospects. 

In concluding, we may emphasize again 
that the superiority of the FSD and SSD 
conditions derives directly from the fact 
that these conditions are both necessary 
and sufficient, given the class of admissible 


s For an example see Quirk and Sapoanik [4]. 
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utility functions. Thus, in the absence of 
any specification of the utility function, to 
say that prospect P is larger than P’ in the 
sense of FSD is equivalent to sayizig that P 
is preferred to P” for all monotonic utility 
functions; and given risk aversion, to say 
that P is larger than P’ in the sense of 
SSD is equivalent to saying that P is pre- 
ferred to P’ for all concave utility func- 
tions. It is because of this equivalence rela- 
tionship that the dominance conditions 
convey information which is more essential 
to the orderability of uncertain prospects 
than the information obtained from a com- 
parison of moments. In fact, it is clear that 
any other rule that may yet be proposed 
cannot yield results that are stronger than 
those obtained from the use of either FSD 
or SSD. Thus any result about preference 
between uncertain prospects which is in- 
consistent with the theorems presented in 
this paper must be due to a more restric- 
tive assumption about the utility function. 
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Bargaining Theory, Trade Unions, and 
Industrial Strike Activity 


By ORLEY ASHENFELTER AND GEORGE E. Jounson* 


The purpose of this paper is to examine 
certain received theories of the firm, trade 
union behavior, and bargaining in order to 
derive testable implications concerning the 
conditions under which labor disputes are 
more likely to occur. There are at least 
three reasons why an investigation of in- 
dustrial strike activity seems fruitful. 
First, it might be argued that, because of 
their relatively frequent disruption of key 
sectors of the economy, work stoppages 
are the most important public policy issue 
raised by the existence of trade unions. It 
would therefore be useful to know whether, 
as Hicks thought, “...the majority of 
actual strikes are doubtless the result of 
faulty negotiation” [18, p. 146] or whether 
they are an inevitable part of the function- 
ing of an institutionalized market econ- 
omy. Although it has long been known 
that the level of strike activity follows the 
business cycle [23] [20] [29], this leaves 
open the questions of the behavioral rela- 
tions involved and their stability over 
time. Second, data on industrial disputes 
provide a potentially rich source of mate- 
rial for testing the implications of bargain- 
ing theories which purport to explain the 
outcome -of labor-management negotia- 
tions. Yet little work seems to have been 

* The authors, lecturer and assistant professor of 
economics at Princeton University and the University 
of Michigan, respectively, are indebted to J. Cross, 
H. Levinson, J. Pencavel, A. Rees, and D. Saks for 
comments and suggestions. At the time this paper was 
completed Johnson was a visiting research associate at 
Princeton participating in the Princeton Systems Analy- 
sis of the Labor Market Project, financed through 


OMPER of the U. S. Department of Labor. Only the 
authors are responsible for the views expressed in this 


paper, 
1 The two best-known theories of this sort are those 
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done to date on the application of bargain- 
ing theoretic models to nonexperimental 
data. A third reason for undertaking a 
study of this problem stems from the con- 
tinuing interest in the effect of unions upon 
both the relative wage structure and the 
rate of change of aggregate money wages. 
Most union “power” is derived from the 
threat of the strike, and, accordingly, we 
agree with Charles Holt’s recent suggestion 
that “. . . the theory and analysis of indus- 
trial disputes may help to clarify the role 
that unions play in the determination of 
wages” [19, p. 50]. 


I. A Theoretical Formulation 


Most bargaining models are addressed 
to a general two-party situation, e.g., bi- 
lateral monopoly, in which conventional 
economic theory fails to lead to a predict- 
able outcome of the terms on which agree- 
ments will be reached. If one views labor- 
management negotiations from this point 
of departure it is usually difficult to derive 
any testable implications concerning the 
conditions under which the parties will fail 
to agree on a new contract prior to the 
point at which the previous contract ex- 
pires. It is generally assumed that the 
union attempts to maximize some utility 
or objective quantity, for example the dis- 
counted value of its members’ wage income 
over the length of the contract.? Likewise 
the firm would attempt to maximize some 
objective, say the discounted value of the 


of J. R. Hicks [18] and F. Zeuthen [32]. A very readable 
summary and critique of several more modern bargain- 
ing models is contained in Bishop [5]. 

2 For some other possibilities see Dunlop [9]. 
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future profit stream. The desire of a par- 
ticular party to concede or hold out would 
then depend upon: (1) a set of objective 
factors such as the state of product de- 
mand, the elasticities of labor demand and 
capital-labor substitution, etc., as well as 
(2) a set of subjective factors such as the 
assessment of the bargaining strategy of 
the other party and attitudes toward risk- 
taking.? Since the failure to agree on a 
settlement prior to the point of contract 
expiration is costly to both parties (loss of 
the wage bill for the union and current 
profits for the firm), there should be a 
tendency for the parties to adjust their 
positions in such a way that they come to 
_ an agreemc nt in time to avert a strike. It is 
the determination or solution of the terms 
of this agreement prior to a strike to which 


most bargaining theories appear to be ad- 


dressed. 

There are two explanations expressed in 
the bargaining literature regarding the 
reason why strikes take place at all. First, 
there is some possibility that one party 
will misjudge the other’s intentions and 
that a strike will result. This view of strike 
activity, attributable to Hicks, may be 
summed up by the statement that 

. adequate knowledge will always 
make a settlement possible” [18, p. 147],é 
although some strike activity is inevitable 
if trade unions are to keep management 
convinced of the effectiveness of their bar- 
gaining weapon. Second, there appears to 
be the presumption in some of the litera- 
ture that a breakdown of negotiations can- 
not occur if the two parties are “rational,” 
so that one might argue that any break- 
down of negotiations is due to the fact that 
the two parties are “irrational.” 


3 Explicit discussion of both of these issues is con- 
tained in Harsanyi [16] and Hicks [18]. 

t This is also the view expressed by Walton and 
McKersie [28, p. 56]. For a model which explicitly 
treats imperfect knowledge and a two-party learning 
process, see Cross [8]. 

ë This position can be inferred from Harsanyi [17]. 
See also Bishop’s comment on Harsanyi’s paper in [5]. 


It is not apparent how the propensity of 
either or both of the parties to (a) mis- 
calculate the intentions of the other or (b) 
act irrationally would be systematically 
related to any of the conceptually observ- 
able variables in the system. Hence, the 
conventional bargaining theory approach 
is not very helpful in deriving implications 
about the frequency or duration of strikes. 


A. An Alternative Bargaining Model 


A more fruitful—and more “realistic” — 
approach to the problem is to recognize at 
the outset that there are not two but three 
parties involved in labor-management ne- 
gotiations: the management, the union 
leadership, and the union rank and file. 
This approach incorporates a set of institu- 
tional assumptions derived from the 
widely-accepted model of trade union be- 
havior which is based on a separate analy- 
sis of the motivation of the union leader- 
ship and rank and file. By this view’ the 
objectives of the leadership are: (1) the 
survival and lgrowth of the union as an 
institution, and (2) the personal political 
survival of the leaders. These objectives 
are accomplished, in most part, by satisfy- 
ing the expectations of the rank and file as 
well as possible. Even if the union is not 
democratic inla political sense, the leader- 
ship will in most cases respond to the de- 
sires of the membership for reasons of con- 
viction. On the other hand, the leadership 
is aware of the possibilities of each bar- 
gaining situation, and it does more than 
merely represent the wishes of the rank 
and file. If the membership’s expected 
wage increase is much greater than the 
management will agree to, the union leaders 


€ Bishop states this explicitly: “It should be appre- 
ciated that neither Zeuthen’s theory nor this one 


[Bishop's] involves| a prediction of the frequency or 





duration of conflicts; each is really concerned only with 
the terms on which conflicts may be ‘rationally’ 
avoided” [4, p. 415]. 

? The following view of the nature of unionism is 
heavily dependent upon the position of Arthur M. Ross 
(24, esp. Chs. 1-3}. ' 
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will attempt to convince the membership 
to be satisfied with a smaller increase. If 
they are unable to get the expected wage 
increase down to a sufficiently low level by 
the point of contract expiration, they face 
two alternatives: (1) signing an agreement 
which is less than the rank and file expects 
or (2) incurring a strike. If the leadership 
takes the first alternative, it faces the pos- 
sibility that the contract will not be rati- 
fied by the membership and/or charges 
that they have “sold out” to management. 
The result will be internal union dissension 
and a decline in the political appeal and 
power of the leadership, both of which are 
antithetical to the basic objectives of the 
union leadership. The second alternative, 
although actually contrary to the member- 
ship’s best interests, is preferred to the 
first by the leadership. Under strike condi- 
tions the leadership may at least appear as 
adversaries against management in a cru- 
sade which may even raise their political 
“stock” and will unify the workers. The 
outbreak of a strike, however, has the effect 
of lowering the rank and file’s expectations 
due to the shock effect of the firm’s resis- 
tance and the resultant loss of normal in- 
come. After some passage of time the 
leadership feels that the minimum accept- 
able wage increase has fallen to a level at 
which it can safely sign with management, 
and the strike ends.® 

It is now possible to employ this essen- 
tially political model of the function of a 
strike to examine the firm’s choice between 
giving in to the last union demand, which 
is the wage increase the rank and file finds 
acceptable as of the date of contract ex- 
piration, and “taking a strike” in order to 


* Notable practitioners in the area of collective bar- 
gaining have long recognized this aspect of the function 
of a strike, William Simkin, Director of the Federal 
Mediation and Conciliation Service, has stated that: 
“Tf it is a fact, as it appears to be in many situations, 
that the union membership is unwilling to accept the 
reasonably attainable results of negotiations and is 
more militant than responsible leadership, a strike may 
be necessary to drive home the ‘facts of life’ ” [26]. 


obtain a lower settlement. The negotiated 
wage increase? which is acceptable to the 
union rank and file is 


(1) ya = AW/W, 


where W is the previous contract wage 
rate and AW is the absolute wage increase. 
By the reasoning of the preceding discus- 
sion ya depends on the length of the strike, 
S, say 


(2) ya = vS). 


The precise shape of v is a matter of con- 
jecture and surely differs between collec- 
tive bargaining situations, but one would 
suppose that in the typical case it appears 
as in Figure 1.1° Here yo=v(0) is the ac- 
ceptable wage increase at the point of con- 
tract expiration and ys=v(o) is the wage 
increase which the union would not accept 
with even an indefinitely long strike. This 
decay function may be represented as 


(3) ya = Yat (Yo — yale sY 
For expository purposes let us suppose that 


3 Two comments are called for at this point. First, 
the analysis in the the text has been constructed on the 
assumption that bargaining takes place over the 
amount of a wage increase, not over the level of wages. 
This accords with the institutional literature with re- 
spect to collective bargaining, although this assumption 
could easily be changed. Second, nothing has been said 
in the text about bargaining over nonwage items, e.g., 
fringe benefits, and items relating to union functions 
such as company payment of shop stewards and dues 
check-off schemes. It is assumed implicitly throughout 
the text that these items have monetary equivalents 
and are imputed to the contracted wage. 

10 This is similar, but by no means identical, to 
Hicks’s “union resistance curve” [28, p. 143]. 

u A more formal justification of the precise form of 
this equation may be obtained by assuming that under 
strike conditions the typical union member reduces his 
acceptable wage increase by some fraction of the dif- 
ference between the currently acceptable wage increase 
and the lowest increase acceptable under any condi- 
tions, that is j4= —rt(y4— y+). This may be interpreted 
as a learning function, where the purpose of a strike is 
to set it in motion. Integration of this learning function 
gives equation (3) in the text. It is interesting to note 
that ys may have any sign so that strikes to prevent 
wage decreases are by no means ruled out. The case 
ya>0 may be taken, however, as the more typical 
situation of downward wage rigidity. 


1 
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FIGURE 1 


the typical firm is aware of the parameters 
of this relation and that it expects to pro- 
duce a fixed output with the same tech- 
nology to sell at the same price into the 
indefinite future. The profit level in each 
time period is 

(4) += oP — pW — H, 

where P is product price, H is the level of 
fixed production costs, and W is the ne- 
gotiated wage rate. The latter may be re- 
written from (1) as 


(5) W = (1 + ya). 


The present value of the future profit 
stream is 


(6) y = re'd, 


0 


which may be written, after substitution of 
(3) into (5) and the result into (4), as 


(7) V= fJ er- ty. 


+ (yo — ya)e™s)]etdt — f He-dt. 
D 


Upon integration (7) becomes 
(8) V = [aP — 6Ŵ (1 + yx 


ers 
+ (yo — yae75) | 





which depends only on S, the length of the 


t 

strike." The firm that maximizes V has the 
choice of agreeing to y, and avoiding a 
strike or of rejecting yo and incurring a 
strike which will result in a lower wage in- 
crease. In effect, the firm must weigh the 
effect on profits of strike costs against the 
possibly lower wage costs which can be ex- 
pected to accompany a strike. The frm 
maximizes V by not agreeing to yọ and 
incurring a strike only if (i) dV/dS=0 and 
(ii) 2V/dS? <0 for some positive S; other- 
wise S=0 and y4=¥o. Differentiating (8) 
and solving for S one obtains 


1 
(9) S=-—xX 


aP — BW(1 + ya) 
"| ew (1+5) (yo — ya) 


and the second order condition is satisfied 
when yo>y«, which is true by assump- 
tion.” It follows from (9) that for a strike 


2 Thus far we have assumed that, even though the 
union-management relationship will continue indef- 
initely, contract negotiations take place only once. 
Without this assumption contract duration becomes a 
bargaining issue and expectations must be introduced 
explicitly into the analysis. Unfortunately, this involves 
complications all out of proportion to the authors’ pur- 
pose in this paper. For an explicit justification of the 
assumption in the test, however, see Bishop [4, pp. 
416-17]. 

u Needless to say, it is not necessary that firms ac- 
tually make calculations such as those outlined in the 
text, only that they act as if such calculations had been 
made, On the other hand, there is some casual evidence 
to suggest that some firms explicitly engage in a maxi- 
mization process similar to that noted above. The fol- 
lowing quotations refer to the United Auto Workers- 
Ford Motor Company strike and may Serve as an er- 
ample of this casual evidence. They are taken from the 
Ford Motor Company Report to Stockholders, November 
1967. “We are convinced that, in this situation, the 
UAW leadership concluded that no realistic settlement 
could be reached and ratified without a strike... . 
Given these difficult conditions, we believe the settle- 
ment we reached is a realistic one, even though it is 
higher than desirable... .A longer strike would have 
raised strike costs out of proportion to any resulting im- 
provement in the outcome. In short, we believe the 
settlement represents the lowest possible combination 
of strike costs and settlement costs to the Company 
and the country.” 
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to occur, S>0, it must be true that 


aP — pW (: = ~ ys) 


pw (1 ++) 


This inequality is more likely to be satis- 
fied, ceteris paribus, the greater are yọ andr 
and less likely the greater are P, a/B (aver- 
age product per worker, which is inversely 
related to the ratio of the wage bill to total 
cost), r, and ys. By using (4) it is possible 
to rewrite (10) as 


(10) Vo > 





#+H+ L BW. 
r 
(11) Yo > oo 


Bw ( ++) 


which implies that a strike is less likely to 
occur over time in a given firm or industry 
the greater is the previous profit level rela- 
tive to the previous wage bill. 

Although the above model is a very over- 
simplified view of the collective bargaining 
relationship, it does provide predictions 
concerning the probability of a strike’s 
occurrence and the expected duration of 
such a strike. Without going into great 
detail, the following remarks seem appro- 
priate. 

1. It is possible to increase the realism 
of this model substantially without dras- 
tically altering its implications. Introduc- 
tion of the possibility of employment 
effects from wage increases, the fact that 
contracts are not negotiated once but at 
discrete intervals into the future, and the 
inventory position of the firm would all 
tend to increase the realism of the process. 
These extensions are unnecessary at this 
point, however, because the simple form 
of the present model is quite adequate for 
the purposes of estimation considered in 
the next section. 

2. The present approach has the ad- 


vantage of providing a determinate solu- 
tion to the bargaining problem in the single 
(but important) case of union-manage- 
ment negotiations. Such a solution is pos- 
sible only because widely held views about 
the institutional behavior of the parties 
involved is explicitly considered. In this 
case it is assumed that only one party, 
management, can realistically vary its 
wage offer. The union leadership, which 
maximizes its utility by acting in accord 
with the expectations of the rank and file, 
must act to represent the union member- 
ship’s wage demands. On the assumption 
that firms maximize the appropriately dis- 
counted present value of the future profit 
stream, it is seen that the basic function of 
the strike is as an equilibrating mechanism 
to square up the union membership’s wage 
expectations with what the firm may be 
prepared to pay. For completeness the 
analysis should probably include a fourth 
party, stockholders, in so far as manage- 
ment has a separate, self-serving motiva- 
tion similar to that exposited by William- 
son [30]. We feel, however, that for the 
present partial analysis we may safely 
assume that in the typical case manage- 
ment actions coincide with stockholder in- 
terests. 

3. The above model has implications for 
variables other than the frequency and 
duration of strikes and the rate of change 
of money wages. Suppose, for example, 
that over a period of time wage changes 
remain below what the rank and file union 
membership desires, perhaps because of 
moral suasion via the Presidential wage 
guideposts. The analysis of this paper pre- 
dicts that in such a case there will be an 
increase in the number of contracts which 
fail membership ratification and that there 
will be an increase in internal union dissen- 
sion. George Perry has recently argued 
[22] that wage changes have been smaller 
since 1962 than would have been expected 
on the basis of the experience of the 1950s. 
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Interestingly enough, there has been a sub- 
stantial increase in contract ratification 
defeats since the point at which Perry 
dates the initial overprediction.“ Further, 
this period corresponds to a widely known 
rash of rank and file rebellion against union 
leadership. 


B. An Operational Formulation of the Bar- 
gaining Model 


From the analysis of a typical firm’s 
choice between incurring and not incurring 
a strike it was concluded that the parties 
were less likely to agree prior to conflict 
the greater the acceptable wage increase 
(yo) and the speed at which the member- 
ship’s expectations are reduced during a 
strike (r); the parties are the more likely 
to agree the greater is the ratio of the pre- 
agreement profit level to the wage bill (z*), 
the firm’s discount rate (r), and the mini- 
mum acceptable wage increase (yx). Only 
one of these variables, m*, has an obvious 
empirical counterpart, so further hypothe- 
ses must be provided to relate the other 
variables to observable phenomena. 

It seems plausible to argue that although 
T, r, and yx may vary between industries 
and regions because of different institu- 
tional arrangements, they will change only 
slowly through time. For example, r should 
depend upon the size of benefits generally 
paid out of strike funds, how much unem- 
ployment compensation may be paid 


u Perry uses the extent of overprediction of actual 
wage rate changes by a Phillips-type curve for the ag- 
gregate manufacturing sector to establish the dating of 
guidepost effectiveness. It is easy to see from his Table I 
{22, p. 899] that there is an increasing tendency for over- 
prediction in the period from late 1962 through early 
1966 (the last period presented). The following fiscal- 
year (July through June) data on the percentage of total 
Joint-meeting Federal Mediation and Conciliation Ser- 
vice cases involving contract rejections match up very 
nicely: 1964-8.7 percent, 1965-10.0 percent, 1966-11.7 
percent, 1967-14.2 percent. See Simkin [26]. 

16 See, for example, Murray Gart [13]. Although most 
of this discontent has been manifest at the local level, 
it has also shown up in political turnover at the highest 
levels. 


strikers, etc.; all of which are institution- 
ally determined .1¢ 

Aggregating across firms and assuming a 
linear relationship in the relevant ranges 
of the variables, the preceding discussion 
suggests the following preliminary speci- 
fication: 


(12) St = Bot AT + Bayoe + Barer 


where S? is the probability of a strike in 
period ¢, and T indexes the passage of time. 
We expect B2>0, 8:<0, By» >0, since some 
strikes take place for institutional reasons, 
and §,:<0, since the number of institu- 
tional strikes has been steadily declining." 

Intuitively, one would expect yo: to de- 
pend negatively on the unemployment 
rate, #,. First, when unemployment is low 
the typical worker has the opportunity to 
move to a higher-paying job. Since the 
costs of movement may be substantial, 
however, he will first try to increase his 
wages in his present job and this will tend 
to increase yo. Second, the leadership will 
be less likely to try to reduce yp when un- 
employment is low because the employ- 
ment effects of a large wage increase will 
have little effect on their political stature, 
and sizeable strike funds may replace part 
of the worker’s lost income. Finally, during 
periods of low unemployment there will be 
decreased opposition among the rank and 
file to a militant course of action since 
there will be part-time job opportunities 
for potential strikers. 

18 A particular source of difficulty is encountered if 
Yx is a function of Yo, Say Y= Y+(Y0). Even in this situa- 
tion, however, the qualitative content of the model is 
retained so long as dyą/dyo<1+r/r. 

11 The major reasons for this secular decline in strike 
activity have been enumerated succinctly by David 
Cole: “It has been possible over the years to all but 
eliminate two of the three major causes of strikes by 
resort to other means: disputes over recognition are 
now largely resolved by means of the election, and 
grievances by means of voluntary arbitration” {7, p. 
vii]. Data on strike activity by cause show that the 
number of strikes over union organization declined 


secularly from 839 in 1952 to 751 in 1957 to 582 in 1962. 
See (33, D-722]. 
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‘A second determinant of y, should be a 
moving average of previous changes in 
real wages, 


M 
(13) Yor = a1 + ae L AR pie 

im 
Intuitively we would expect a,>0, a.<0, 
and the u; to have an inverted U-shape. 
That is, we would expect that when real 
wages have been increasing rapidly yọ 
would be low. A more formal justification 
for these expectations is as follows: Sup- 
pose that y depends positively on the dif- 
ference between the expected long-run in- 
crease in real wages, AR¥, and the cur- 
rently anticipated increase in réal wages, 
AR4 i.e, 


A 
04) yu = ys[ARY — AR$]. 


Suppose further that AR# is composed of a 
very long-run constant increase (“workers 
always want more”) and a moving average 
of previous real wage changes: 


N 
(15) AR; = (1—o)V +e Di 8,AR,-«, 
. fai) 


where 0<o <1, 25,=1, and V is the very 
long-run component. AR4, is presumably 
determined solely by a moving average of 
previous real wage changes: . 


K 
A 
(16) AR, = > AAR; 
tO 


where ZA;=1. Substitution of (15) and 
(16) into (14) gives: 


(17) Yo = yı(1 ac o)V 

M 

+ yi Do [oi — JARs 

i—0 
Setting yill—c)V=a., —yi=a2,. and 
(\;—06;) =; gives precisely the form of 
(13). Note also that if the A; and ô; have 
the usually assumed exponentially decay- 
ing form, then their difference will have an 
inverted U-shape. 


. A final determinant of yo, should be 
profits. If the firm’s profit level has been 
high in recent periods, the typical union 
member may feel that he deserves a larger 
wage increase. Also, the motivation of the 
leadership to attempt the task of persuad- 
ing the membership to be content with a 
lower settlement will be diminished. Hence, 
high profit levels will have the effect of 
raising y, to some extent. 

Combining the above hypotheses about 
the determinants of yo, and assuming that 
the effect of profits on ya can be repre- 
sented as ar 1, gives: 


“M 
(18) l Ju = a + ar D7 MAR 


* 
+ Qst; + QF i1. 


After substitution of (18) into (12) we have 
the following estimating equation: 


’ M 0 
(19) Si = A + Bi $, ARs + Bous 
iml 


+ Bywi-a+ BT + &, 


where A and the B; are implicitly defined 
above and where «e; is a disturbance term. 
On the basis of previous arguments we ex- 
pect A>0, By;<0, Bs<0, and B,<0. 
Since By= 8204+ 83, and B20,>0, 8;<0, the 
sign of the coefficient on profits in equation 
(19) is indeterminant. Although manage- 
ment is more likely to give in when previ- 
ous profits are high, the union is also likely 
to increase its demands. Hence, it is not 
clear whether the net effect of an increase 
in profits will be to increase, decrease, or 
have no appreciable effect on the probabil- 
ity of occurrence of a strike. The specifica- 
tion of (19) concerning the effect of previ- 
ous changes in real wages is based on the 
implicit assumption that workers view 
money wage changes and price changes as 
the reverse of each other. It is, of course, 
possibile that this is not so—complete 
money illusion being an extreme exception 
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—so this assumption is tested in the next 
section. 


Il. Empirical Results 
A. Specification and Estimation Problems 


If time-series observations were avail- 
able on the number of strikes which begin 
in any quarter, S., and the number of con- 
tract expirations in any quarter, N,, then 
S’, could be set equal to S,/N, and (19) 
could be estimated directly. Although 
there are quarterly data for S;, there are 
only limited surveys for N;.'® In essence, 
the difficulty faced is that even though 
equation (19) is derived from a model 
where the dependent variable is the prob- 
ability of occurrence of a strike, it will be 
necessary to estimate it with data on only 
the frequency of occurrence of strikes. 

Lacking the necessary observations on 
N. we are forced to make some plausible 
assumption about how it varies.’® One pos- 
sible hypothesis is that N,.=n, where is 
a constant. Given the near-plateau in 
union membership reached in 1952 [27], 
and the increased tendency toward mul- 
tiple-employer bargaining, this assumption 
does not seem implausible with respect to 
the annual number of contract expira- 
tions.” In order to deal with quarterly 

18 The data on S's, for example, cover strikes involv- 
ing more than six workers, while the limited data on W, 
cover negotiations involving 1,000 or more workers. 
There is, of course, the further problem that some insti- 
tutional strikes do not take place at a time of contract 
expiration. 

19 Needless to say, if we were willing to proceed by 
simply regressing the frequency of strike activity on 
any number of intuitively relevant independent vari- 
ables, none of the above assumptions would be ex- 
plicitly introduced. The use of such an ad hoc approach, 
however, would imperil any attempt to understand the 
mechanism which underlies the determination of strike 
activity. 

30 Some casual evidence for this assumption in the 
period 1963-67 is contained in Simkin [26]. The im- 
plication of the argument in the text is that the union 
always has its way on the seasonal aspect of disputes 
over contract expiration, which is not fully consistent 
with the caveat in footnote 16. In fact, the seasonal 
pattern implicitly suggested for strike activity has been 
observed over a long period of time. See, for example, 


data, however, we must at least recognize 
that there is a strong seasonal influence in 
contract expirations. There are, of course, 
important economic reasons why this 
should be so. First, trade unions in the 
areas of the economy where inclement 
weather affects production and employ- 
ment will always try to gear contract ex- 
pirations to periods when the effects of a 
strike are least likely to be nullified by the 
fact that production would not have taken 
place anyway. Second, most trade unions 
will try to avoid contract expirations in 
periods when the demand for current in- 
come is high (the winter holidays, for ex- 
ample) and to obtain contract expirations 
in periods with the fewest paid holidays. 
Both of the above considerations suggest 
that the fall and winter quarters will con- 
tain fewer contract expirations and, ceteris 
paribus, fewer strikes. As a working as- 
sumption, therefore, we set 


4 
Ne= Nin 

jml 
where ®y is the (constant) number of con- 
tract expirations in the jth quarter of all 
years and WV;, is a dummy variable set 
equal to one in the jth quarter of the year 
and zero otherwise. Substituting S,/N; for 
S; in (19) and multiplying both sides by 


> $N, jt 
jJl 
gives ; 
(20) Si = A SN t DS ON aXB 
$ 2 ®;N 361, 


where for notational convenience the four 
independent variables in (19) have been 
replaced by the row vector X, and B is the 


Dale Yoder [31]. Our argument is simply that the pre- 
cise period of the year in which a strike takes place is 
most generally under the control of the union, even if the 
point of contract expiration is not. 
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column vector of coefficients on these vari- 
ables. 

Since the $; are unknown, the simplest 
procedure for obtaining an unbiased es- 
timator for (20) would be to use a separate 
relationship for each quarter of the year. 
Unfortunately, the number of variables 
which will be needed on the right-hand side 
of (20) is too large to make this solution 
feasible with the length of the time series 
available. Therefore, as an admittedly 
rough approximation to (19) and (20), we 
have specified the following equation: 


(21) Sp = ABN u + ASN + AGN 


M 
+ ABNa + Bi Y) AR: 


ind 
+ ld lå 
+ Biu + Brat BaT + ér 


where the N; are a set of seasonal dummies 
and e is an error term.® It is not difficult 
to show, under the usual assumptions 
about the way in which the independent 
variables in (21) are generated [14, pp. 
268-69], that the least squares estimators 
of Biu,, Bj, By and Bj are consistent and 
asymptotically unbiased estimators of 
{2@,(Biy,), F2b,Bs, 128;Ba, and 326;B,, 
That is, our estimates of the coefficients in 
equation (21) may be interpreted as the 
mean response, averaged across quarters, 
of a stimulus from the independent vari- 
able. Since each of the 6; must be positive, 
all of the previous predictions about the 
signs of the coefficients in equation (19) 
hold for equation (21). 

Before turning to estimation and testing 
of equation (21), one final difficulty must 


2 If the disturbance term in (19) is homoscedastic, 
then the disturbance term in (21) is heteroscedastic be- 
cause its variance moves systematically with the quar- 
ter of the year being considered. Namely, if var (e) =C, 
a constant, then var (e)=var (ja) SPC. If one 
views S; in (19) as a sample proportion, however, the 
procedure used to obtain (21) suggests that « will be 
(nearly) homoscedastic. Since this becomes an em- 
pirical issue, we have tested the estimated version of 
(21) for unequal residual variances to see if this dif- 
ficulty is damaging to our results, See footnote 24 below. 


be resolved. The lag coefficients on ARs 


pose two estimation problems. First, we 
have a priori reason to suppose that these 
coefficients will not have the familiar ex- 
ponential-decay form. Second, we expect a 
lag distribution on AR,_,, but not on the 
other variables in the equation.” As an al- 
ternative to the standard technique, there- 
fore, we have used the straightforward pro- 
cedure suggested by Shirley Almon [1] for 
estimating equation (21). On the assump- 
tion that the lag distribution can be ap- 
proximated by a polynomial, Lagrangian 
interpolation polynomials are used to cre- 
ate moving averages of the independent 
variable. These moving averages are then 
introduced into an ordinary regression 
equation and their coefficients (and hence 
the implied coefficients of the lag distribu- 
tion) estimated. In the results that follow 
we have used a third degree polynomial 
approximation and constrained the lag dis- 
tribution to assume zero values at the be- 


ginning and at a finite lag.” 
B. The Results 


Our discussion of empirical results is 
divided into three sections. First, we dis- 
cuss the general implications of the esti- 
mated version of equation (21). Second, we 
modify the estimating equation to allow 
for the possibility of money illusion on the 
part of workers. Finally, we test the sta- 
bility of the preferred equation and con- 
sider the effect of some important institu- 
tional changes on the volume of aggregate 
strike activity. 

1. The initial results of fitting equation 
(21) are reported in Tables 1 and 2 under 
the rubric of equations (21a) and (21b), 


2 For a discussion of the estimation problems raised 
by these difficulties see Griliches [15]. 

3 This means that two “Almon variables” were en- 
tered into the regression to estimate the lag distribution 
on real wage changes. It should be noted, however, that 
the results were generally insensitive to either the de- 
gree of the polynomial or the constraints placed on the 
lag coefficients. 
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TABLE 2—ESTIMATED LAG COEFFICIENTS AND THETR 
STANDARD Errors FOR Equations 21b anp 21c 





.6) | — 7.0 (2.6) 


0 | —4.0 (1 4.5 (2.0) ` 
1 | —6.9 (2.3) | —11.4 (4.0)| 7.5 (2.9) 
2 | ~8.6 (2.4) | -13.4 (4.3)| 9.3 (3.0) 
3 | ~9.5 (2.1) | —13.5 (4.1)| 10.0 (2.6) 
4 | —9.4 (1.9) | —12.2 (3.7)| 9.8 (2.2) 
5 | ~8.6 (1.9) | —10.0 (3.6)| 8.7 (2.0) 
6 | ~7.1 (2.1) | — 7.2 3.5)} 7.1 (2.1) 
7 | —5.2 (2.1) | — 4.3 @.2)] 4.9 (2.1) 
8 | —2.7 (1.5) | — 1.8 (2.2)| 2.5 (1.5) 


and the lag distribution coefficients for 
equation (21b) are charted in Figure 2. 
The following symbols are used in these 
tables: 


u:= the civilian unemployment rate, 
AR;=AW,.—AP;, 
AW,=the annual percentage rate of 
change of money wages, 
AP,=the annual percentage rate of 
change of consumer prices, 
w.*= the ratio of corporate profits after 
taxes to total compensation, 
Nj,=seasonal dummies for first, sec- 
ond, and third quarters, 
T= time in quarters, 
C=constant term. 


The period of fit is 1952I-1967II, which is 


Coefficient 


consistent with our assumption that the 
annual number of contract expirations has 
been relatively constant since 1952. 

As can be seen from Tables 1 and 2, the 
results provide strong support for the hy- 
potheses advanced in Section I. In equa- 
tion (21a) the coefficients of each of the in- 
dependent variables, except that for prof- 
its, are highly significant.” Although sev- 
eral different measures of profits and mov- 
ing averages of profits were tried, none 
produced results substantially different 
from those reported in Table 1. Our tenta- 
tive conclusion is that the net effect of prof- 
its on strike activity is small. In equation 
(21b) w*,, has been deleted. The indepen- 
dent variables in this preferred equation 
explain about 94 per cent of the variance 
of the dependent variable about its overall 
mean, and about 82 per cent of the vari- 
ance of the dependent variable about its 
quarterly means. The standard error for 


M Since there is some question about the appro- 


` priateness of the usual statistical tests in the case where 


the disturbance variances are unequal (see footnote 21), 
we have applied Bartlett’s well-known test for unequal 
variances to these data. See Bennett and Franklin [3] 
concerning the computational procedures of this test. 
For the number of degrees of freedom in each of the 
quarterly groupings, B, the test statistic, is satisfac- 
torily approximated by the x? distribution with 3 de- 
grees of freedom. In this case, B= 2.01, and we cannot 
reject the hypothesis of equal quarterly residual vari- 
ances at even the .25 level. 





FIGURE 2—LAG DISTRIBUTION COEFFICIENTS ON REAL 
WAGE CHANGES 
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this equation is a remarkably low 75 
strikes, as against a mean of about 980 
strikes per quarter. A glance at Figure 2 
suggests that the lag distribution on real 
wages is of the shape predicted. A steady- 
state decline of one percentage point in the 
rate of change of real wages is associated 
with an increase of about 62 strikes per 
quarter. The seasonal dummies confirm 
the hypothesis that strike activity is much 
heavier in the spring and summer quarters 
than in the fall and winter quarters.*# 
Finally, a decline of one percentage point 
in the civilian unemployment rate is asso- 
ciated with an increase of about 123 strikes 
per quarter. 

2. The results for equation (21c) re- 
ported in Tables 1 and 2 incorporate the 
hypothesis that the rates of change of 
money wages and prices are not mirror 
images in their effects on aggregate strike 
activity, i.e., we allow for the possibility 
that the rate of change of money wages has 
a more (or less) important effect on strike 
activity than the rate of change of prices. 
It is clear from these results that the effect 
of money wage changes on strike activity is 
somewhat greater than the effect of price 


% The coefficients on the seasonal dummies and the 
constant term in equation (21b) allow us to estimate 
AxX#; and A&,(im1,+--, 4). Hence, they provide es- 
timates of 

At; $; 
AZ; Ze; 


i.e., the percentage of total annual contract expirations 
which take place in each quarter. These estimates are, 
from the first to fourth quarters: 23.6 per cent, 28.9 
per cent, 26.9 per cent, 20.4 per cent. Simkin [26] pro- 
vides the number of “active” Federal Mediation and 
Conciliation Service cases closed each month in 1966, 
which, assuming a short lag from beginning to closure 
of a case, should be a good proxy for the “typical” 
number of contract expirations per month. Assuming a 
mean lag of one month for closures, these independent 
data provide the following estimates of the percentage 
of total contract expirations which take place in each 
quarter: 22.8 per cent, 32.3 per cent, 25.6 per cent, 19.2 
per cent. These latter estimates are strikingly close to 
those obtained from equation (21b), and lend additional 
credence to our argument that the seasonality in strike 
activity is due to a seasonality in contract expirations. 


G=1,---,4, 





changes. The differences in the effects of 
these variables, however, is not very sub- 
stantial. More formally, we may test the 
null hypothesis that 


9 9 
D> Hi + Dau 0 
i=0 i=l 
by forming the ratio 


LatEA 
var Qe +È pr} 


where the Af are the estimated lag distri- 
bution coefficients on money wage changes 
and the a? are the estimated lag distribu- 
tion coefficients on price changes. In this 
case t= — 1.07, which clearly is not signifi- 
cant at conventional test levels. We may 
also test the null hypothesis pf? = — p} (i= 
0,---,9) with an F-ratio. In this case 
F(2, 49)= = 1.09, which also is not significant 
at conventional test levels. We tenta- 
tively conclude that wage and price 
changes act essentially as mirror-images 
with respect to aggregate strike activity. 

3. Since the volume of strike activity 
has heretofore been associated with any 
number of unstable causal factors, there 
may be some question about the general 
stability of an equation like (21b) over 
time. In order to test for the possible in- 
stability of this equation we have arbi- 
trarily divided the sample period in half 
and performed the standard test of the 
null hypothesis that the parameters of 
equation (21b) are identical for the two 
time periods. In this case F(8, 46) = 1.40, 
which clearly is not significant at conven- 
tional test levels. We conclude that there 
is little evidence to suggest that this re- 
lationship is unstable. 

8 The first test described in the above paragraph re- 
quires computation of the estimated variance of ZAY 
+-2p%, which can easily be worked out as a linear com- 
bination of the variances and covariances of the “Almon 
variables” in the regression equation. The second test is 


a straightforward application of some of the results in 
Chow [6]. 


t= 





ASHENFELTER AND JOHNSON: BARGAINING AND STRIKES 47 


Finally, we have estimated equation 
(21d) to allow for the possibility that pas- 
sage of the Landrum-Griffn Act in 1959 
has had a positive impact on the amount 
of aggregate strike activity. It has been 
argued that this law, which is designed to 
regulate the internal affairs of trade unions 
in order to ensure “union democracy,’ 
has had the effect of: (a) increasing the 
militancy of union leaders as a response to 
the implicit encouragement the law gives 
to the growth of dissident groups within 
the union, and (b) making the leadership 
more sensitive to the “less responsible” 
wage demands of the union members.* 
Adding a dummy variable, ZG, to the 
estimating equation to test for the effect of 
the Landrum-Griffin Act gives the results 
reported as equation (21d) in Table 1. The 
standard error, Durbin-Watson Statistic, 
and R? are all improved by this modifica- 
tion. The coefficient of LG suggests a mod- 
est, but significant increase of about 88 
strikes per quarter over the pre-Landrum- 
Griffin period.” 


III. Conclusions and Implications 


Although we are not firmly wedded to 
the precise estimates presented in this pa- 
per, it seems that the aggregate level of 
strike activity is behaviorally related to 
the degree of tightness of the labor market 


2! See [12] for details on the provisions of this law. 
It was signed in September of 1959 and most of its 
provisions were in effect within ninety days. Hence, in 
the following results we have assumed that the law 
began having an effect in 1959 IV and reached its full 
effectiveness linearly by 1960 IV. 

38 For arguments similar to these see Estey [11, pp. 
57-59). In terms of the formulation in Section I, these 
arguments suggest that yp would generally be higher 
after passage of the Landrum-Griffin Act than before, 

23 To test for the possibility that we had confused the 
effect of the Landrum-Griffin Act with the effect of the 
Guideposts, we added another dummy variable to the 
equation, The coefficient of LG remained similar with 
respect to its standard error while the Guideposts co- 
efficient was negative and less than half its standard 
error. In terms of the formulation in Section I, this 
negative effect is what would be predicted since the 


Guideposts supposedly lower ys. 


and previous rates of change of real wages. 
Among the implications of our analysis are 
the following: 

i. The incorporation of a widely ac- 
cepted set of assumptions about the be- 
havior of trade unions into the traditional 
theory of the firm produces a straight- 
forward solution to the outcome of union- 
management bargaining which lies within 
the corpus of conventional economic rea- 
soning. Although conventional bargaining 
models are based on assumptions which do 
not seem to represent the institutional 
framework of union-management negoti- 
ations, this could be excused if they pro- 
vided refutable predictions about observ- 
able behavior, but they do not. The simple 
formulation of this paper, which specif- 
ically acknowledges the three-party nature 
of collective bargaining, does yield refut- 
able predictions, and they are found to be 
consistent with the data. 

2. As was shown with the case of the 
Landrum-Griffin Act, even a simple ver- 
sion of the model described in this paper 
can be helpful in evaluation of the effects 
of changes in the institutional framework 
within which collective bargaining must 
function. Other institutional changes, e.g., 
the payment of unemployment compen- 
sation to strikers, could be investigated. 
Further, the model described in this paper 
provides a more explicit rationale for some 
of the work which has been done on ex- 
planations of the rate of change of aggre- 
gate money wages.*? 

3. Finally, the results have a number of 
implications for public policy with respect 
to wage determination in the unionized 
sector of the economy. First, policies which 


# For example, the studies by O. Eckstein and T. A. 
Wilson [10] and G. L. Perry [21] both include profits as 
determinants of money wage changes on the basis of 
casual bargaining model considerations, and J. D. 
Sargan [25] estimates a model which includes the level 
of real wages, In [2] a variable specifically measuring 
the volume of strike activity is found to have an effect 
on aggregate money wage changes. 
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are geared to induce labor leaders to con- 
vince their constituencies to be satisfied 
with “more reasonable” wage settlements 
are likely to result eventually in political 
turmoil within trade unions. It does not, 
therefore, seem likely that such a policy 
can continue for long without encouraging 


the growth and power of more militant. 


leadership and a subsequent decline in the 
effectiveness of the original policy. Second, 
in addition to the well-known tradeoff be- 
tween wage changes and unemployment 
there seem also to be tradeoffs between 
unemployment, wage changes, and indus- 
trial strike activity. To the extent that the 
maintenance of industrial peace is a goal of 
public policy, this adds an additional di- 
mension to the problem of maintaining 
full employment and stable prices. 
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A Spectral Analysis of Post-Accord 
Federal Open Market Operations 


By Vittorio BONOMO AND CHARLES SCHOTTA* 


This paper applies spectral analysis to 
time series data on post-Accord Federal 
Reserve Open Market Operations 
(OMO), member bank reserves, and 
member bank free reserves to ascertain 
the effect of OMO on variations in reserve 
levels.* 

The first section of our paper describes 
the data we used. The next section briefly 
outlines spectral analysis; no formal 
mathematical presentation of time series 
analysis is attempted since rather good 
compact treatments are readily available. 
However, since few economists are famil- 
iar with the details of this approach to 


* The authors are at Virginia Polytechnic Institute. 
An earlier version of this paper was presented at the 
Econometric Society Summer meetings, Toronto, Au- 
gust 29, 1967. We are grateful to Philip Cagan, Thomas 
Cargill, C. W. J. Granger, A. O. Hughes, Thomas 
Mayer, and Clark Warburton for their comments on 
earlier drafts of this paper. J. G. Gurley and the 
referees of this journal made valuable suggestions. 
Dana Burtness provided computational and typing 
assistance. The Computer Centers of the University of 
California, Santa Barbara and Davis Campuses pro- 
vided funds for computation. Most of the research 
was accomplished while Bonomo was on the staff of 
the University of California, Santa Barbara and 
Schotta was on the staff of the University of Cal- 
ifornia, Davis, with financial assistance from its In- 
stitute of Governmental Affairs. We remain responsible 
for any errors. 

*There are now several excellent reference mono- 
graphs on the statistical theory underlying spectral 
analysis. For the general economist perhaps the best 
introduction to the use of spectral methods in eco- 
nomics is C. W. J. Granger and M. Hatanaka [10]. 
A very recent reference at a slightly more advanced 
level, although not so comprehensive and applications- 
oriented as [10] is G. S. Fishman [9]. For a thorough 
treatment of spectral theory, including applications 
drawn primarily from engineering and the physical 
sciences see N. S. Bendat and A. G. Piersol [1]. The 
most comprehensive treatment of spectral analysis yet 
in print is the excellent and very recent G. M. Jenkins 
and D. G. Watts [12]. 


50 


time series analysis, we present the basics 
which are necessary for an understanding 
of our findings. In addition, some of the 
problems encountered in applying time se- 
ries analysis to economic data are men- 
tioned. The third section presents the sta- 
tistical results of our analysis while the 
final section makes some interpretation of 
these results. 

If one interprets the role of defensive 
open market operations as that of reduc- 
ing short-term fluctuations in bank re- 
serves which arise from sources such as 
changes in the public’s demand for cur- 
rency, changes in float, changes in foreign 
clearings, etc., then our analysis indicates 
that the Fed has had considerable success 
in achieving this goal during the post-Ac- 
cord period. Our conclusions are much 
less secure if one questions whether this 
has been the goal of OMO. This, however, 
is not a difficulty peculiar to our study but 
is at least implicit in any evaluation of an 
entity where some objective function must 
be assumed. 


I. The Data 


The data we used in our analysis con- 
sist of week-to-week changes in the Fed- 
eral Reserve System’s holdings of U.S. 
government debt of all kinds beginning, as 
do the other series we use, with the week 
of April 4, 1951 and ending with the week 
of May 31, 1967. These and the other 
data, from various issues of the Federal 
Reserve Bulletin, are weekly averages of 
daily data and are not seasonally ad- 
justed. This first series, week-to-week 
changes in the Fed’s holdings of U.S. gov- 
ernment securities, we call G. These 
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changes are assumed to occur only as a re- 
sult of open market operations.* 

The data for reserves are week-to-week 
changes in member bank reserve levels 
and week-to-week changes in member 
bank free reserve levels. These are called, 
respectively, R and. FR. These changes 
are assumed to be the result of all factors, 
including OMO, which can change reserve 
levels and free reserve levels.* 

In our study we are interested in sepa- 
rating the changes in R and FR which are 
produced by G from those changes pro- 
duced by the other factors influencing re- 
serve levels. For this purpose, we con- 
struct two series of the same length as G, 
R, and FR, namely 


(1) R= R= 6, 


which we call week-to-week changes in 
member bank reserve levels net of Federal 
Reserve open market operations and 


(2) FR: = FR,-G: 


which we call week-to-week changes in 
FR net of OMO. Thus we have five time 
series, each of 843 observations, as our 
basic data. 

We assume in our analysis that the fac- 


"Tt is possible for the Fed’s U.S. Government port- 
folio to change as a result of events other than an open 
market sale or purchase. For example, if the Fed holds 
some short maturity bills and allows them to run to 
cash, then the portfolio falls and the Treasury ac- 
counts fall by the same amount. Such events are quite 
rare, however, and an examination of changes in the 
System Open Market Account has convinced us that 
OMO represent by far the largest source of change in 
this portfolio. 

"One source of change in R and FR which was of 
considerable interest to us is an autonomous change in 
the public’s desire for currency and coin. An increase 
in currency outside all banks reduces member bank 
reserves dollar for dollar at the present time. Prior to 
the incorporation of vault cash in the reserve base, it 
was necessary to hypothesize a vault cash term in the 
banks’ portfolio demand function such that there was 
a dollar-for-dollar replacement of cash which was with- 
drawn by the public. One other important source of 
change in reserves is the volume of float. We are pres- 
ently attempting to expand our study to include an 
analysis of this very interesting phenomenon. 


tors which influence R* and FR* are not 
functionally dependent upon G.* However, 
to the extent that open market operations 
are undertaken for defensive purposes, G 
will be functionally dependent upon fac- 
tors affecting R* and FR*, 


Il. A Sketch of Spectral Analysis 


Before describing the results of our 
analysis of these time series, it may be 
useful to present a brief survey of spectral 
analysis and to note some of the problems 
in the application of this statistical meth- 
od—one which has proven so fruitful in 
certain physical sciences, such as electri- 
cal engineering, engineering geoscience, 
oceanography, and communications engi- 
neering—to economic time series.’ 

The essence of the spectral approach is 
to treat a time series as a signal produced 
by a physical stochastic process. This sig- 
nal may contain many frequencies, not all 
of which necessarily contain information. 
The aim of the analysis is to examine the 
signal, classify its characteristics, and 
make inferences about the process which 
generated it (which presumably we cannot 
observe directly). This approach separates 
the signal (time series) into many different 
“frequencies.” Then the relative amount of 
the total “energy” of the signal which is 
contained in each of the frequencies is cal- 


“We could see no a priori dependent connection be- 
tween any of the other factors changing the level of 
reserves and open market operations, except possibly 
currency (C). In an earlier paper, V. Bonomo and 
C. Schotta [4], we reported on our investigation of 
the role of C as a dependent variable of current G 
as well as past values of G. Although we have found 
that we cannot reject the hypothesis that there is a 
dependent relationship, it is extremely small. Hence 
we could not see any necesssity for a further adjust- 
ment of R* and FR* to reflect a further influence of 
G through C. 

* The contents of this section and the discussion of 
cross-spectral methods below are intended only to 
present the computing formulae used so that the reader 
unfamiliar with spectral analysis can at least see what 
has been done. No attempt is made to present the 
properties of the estimators or to discuss the statistical 
theory underlying the method. 
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culated. If we have a time series sample 
{x = 1,..., n} which meets the re- 
quirement that 


(3) Cov (a1, £a) = Cov (a14n, Tath), 


then we decide the number of frequency 
components, m, into which we wish to sep- 
arate the series.° The first step in securing 
the power spectrum estimate is to secure 
the auto-covariance of the series for m-}-1 


lags 
1 feeb 
CQ) = = j Z Likt (i—1) 
-7 (2+) (2-)} 
n tmi tml 
where # = 1,2,..., (m + 1). 


This auto-covariance function then is 
converted to the estimates of the power 
spectrum by calculating a weighted auto- 
covariance 


(5) ci) = wola] 
for 
#=1,2,---,m+1 
where 
ee +\3 1 
for 
m 
1<i<— 
2 
IV 
(6b) w(i) = 2 (1- -) 
for 


m 
gristsmti 


ë Selection of the number of frequency components, 
in addition to determining the “resolution,” also deter- 
mines the degrees of freedom for tests of hypotheses. 

See Jenkins and Watts [12] for a discussion of 
hypothesis testing. Bonomo and Schotta [3] contains 
tabulated confidence intervals for the most commonly 
used spectral windows. 


The weighted auto-covariance is then 
subjected to a Fourier cosine transforma- 
tion to form estimates of the power spec- 
trum 


mM s= S AC’ (j) cos Gee ve 
j=l m 
for 
1=1,2, --,m+i1 
where 
`à=Í1 forj = i;j=m+1 


A=2 forj = 2,3,- m. 


The auto-covariance can be recovered 
by means of an inverse transformation. 
The power spectrum provides a decompo- 
sition of the variance of a time series in 
the frequency domain since 


2 1 » 
(8) os = C(0) = — fw)deo 
m wal 


Economists have been practicing a 
crude form of spectral analysis (or vari- 
ance decomposition in the frequency do- 
main) for some time when they separate a 
time series, say pig iron production, into a 
“trend” component, a “cycle” component, 
a “seasonal variation” component, and, 
perhaps, an “irregular variation” compo- 
nent. These components, however, are 
themselves relatively broadband signals 
and can be used only to infer the grossest 
kinds of things about the physical process 
itself. For example, suppose we find a 
strong “cycle” component. This may be a 
very wide band and the “information” in 
this band may lie only in a narrow region 
with all other frequencies within the band 
containing only “noise.” 

In general, it is advisable to use as 
many lags (hence, as many frequency ele- 
ments) as possible. If any useful confi- 
dence bands for the spectral density func- 
tion are to be retained, the limitation on 
the number of lags is given by the ratio of 
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the number of data points to the number 
of lags which should not be less than 4. 
Writers on spectral analysis such as Jen- 
kins and Watts [12, pp. 277-79] point 
out that the choice here is between “reso- 
lution,” i.e., the detail involved in the esti- 
mate of the spectral density function 
(which is an increasing function of the 
number of lags), and the width of the 
confidence interval at the selected proba- 
bility level. In practice, the only useful so- 
lution to the problem is to expand the 
number of data points. Occasionally, spec- 
tra have been crudely estimated with as 
few as 100 data points and 25-30 lags; 
however, the resulting spectrum is not 
only “coarse” but the confidence interval 
at, for example, the .95 probability level is 
likely to be wide. 

This limitation on the number of fre- 
quency components (and the accompany- 
ing requirement for large amounts of data) 
is the most serious barrier to widespread 
use for analysis of economic time series. 
There are, after all, only some 80 or so 
postwar quarters which, even at the out- 
side, allow only 25 or so frequency com- 
ponents. 

Another serious limitation on the use of 
spectral analysis for economic time series 
lies in the necessity for stationary time se- 
ries for the statistical theory results to be 
applicable. Most economic time series are 
subject to quite considerable time trends 
which appear as very low frequency cy- 
cles of dominant strength when esti- 
mated.’ 

There is a limitation on the use of spec- 
tral analysis for economic time series, not 
usually mentioned in treatments of the 
subject, which arises from the method of 
securing a digital data set. In the typical 


"For discussions of methods of attacking this prob- 
lem without transformations which in effect remove a 
portion of the information in the time series see M. B. 
Priestly [16] and the very interesting contribution by 
Lloyd Brown [8]. 


application of time series analysis in, say, 
engineering geoscience, the data consist of 
a continuous time series derived from, 
say, an instrument recording seismic noise 
in a particular location. Once the geophys- 
icist had collected a record of sufficient 
length he would then be able to choose the 
interval for use for digitizing the data. In 
order to ascertain whether these data were 
sensitive to the interval he could choose 
one or more alternates to see if the char- 
acteristics of the time series differed be- 
tween intervals. A simple example of the 
type of distortion which could arise be- 
cause of an improperly chosen digitizing 
interval is provided when one samples a 
series with a fast cosine wave. The result 
may be a series exhibiting a slow cosine 
wave. 

Most economic time series are reported 
with the same interval between data 
points (although in the case of monthly 
data even this is not true). However, the 
digitizing interval which is built into the 
data collection effort is usually fixed and 
constitutes a sample of points from the re- 
alization of a physical process, the charac- 
teristics of which are unknown. It is as if 
we decided to take the temperature at a 
certain location once a day at, say, noon. 
This interval would cause us to make in- 
ferences about the physical process, either 
in a descriptive sense or in a causative 
sense, which would probably be erroneous. 

With respect to the time series with 
which we are working, weekly averages of 
daily data, we are attempting to obtain 
the daily data themselves to examine the 
resulting frequencies which are now above 
the .5 cycle per week frequency, the high- 
est frequency we can presently estimate.’ 

*This frequency, the “Nyquist,” depends on the 
digital interval selected in the data collection (or, in 
the engineering data case, the process of digitizing a 
continuous time series sample). Bendat and Piersol [1, 
p. 291] recommended selecting a digital interval such 


that the Nyquist is twice the highest frequency of any 
analytical interest. Since our analysis concerns no fre- 
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Til. Our Results 


When we estimate the power spectrum 
for each series, we obtain the “energy” as- 
sociated with the particular frequency for 
the series. We have estimated 157 fre- 
quencies for each series. Because of the 
variance decomposition in the frequency 
domain we have the record of the contri- 
bution of each of these frequency compo- 
nents to the total auto-covariance of the 
series. For convenience in description we 
have converted the spectral power for 
each frequency into the percentage of the 
summation of the spectral power for all 
frequencies. 


mel 


(9) 20) =j S10) 
where 
#=1,2,:--,m+1. 


This measure, Z, then represents the per- 
centage of the total variance of the series 
which is associated with each frequency. 

In general (as with any signal) one is 
interested primarily in those frequency 
bands that contain the most “informa- 
tion” since the “message,” as we usually 
think of it, is contained there. If we have 
a broadband signal with all the energy in 
only one narrow frequency band, then the 
power spectrum appears as in Figure 1 
with only a single “spike” at that fre- 
quency. We would interpret all frequen- 
cies except this one as containing no infor- 
mation or at best only “noise.” If, on the 
other hand, all frequencies contained the 
same amount of information or “energy” 
the graph of the power spectrum is as in 
Figure 2, a horizontal line at that energy 





quencies bigher than the monthly frequency of .25 
cycles per week, we believe that our results are not 
affected by the folding of the energy remaining in the 
frequencies above the Nyquist. Thus we suggest that 
we have no problem of a spurious monthly frequency 
from this source. 


f 


CYCLES PER UNIT TIME 


Frioure 1. Power Specrrum or A Time Serres WITH 
Att ENERGY CONCENTRATED IN ONE FREQUENCY Com- 
PONENT 


level. This would be very much like the 
power spectrum of “white noise.” The 
more usual case than either of these is the 
one where there are several peaks in the 
power spectrum graph. The percentage of 
energy in each band indicates the relative 
information content of that frequency 
band. 


f 


CYCLES PER UNIT TIME 
FURE 2. Power Spectrum or Warre Norse 
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Table 1 below presents the frequency 
bands in terms of the length of time for a 
complete cycle for each series.° Those fre- 
quency bands for which the total energy 
was less than 5 per cent are not given. 


TABLE 1—PERCENTAGE OF SPECTRAL POWER 
IN FREQUENCY Banps* 








Frequency G R R FR FR* 





2.2 weeks — 110 71 82 — 
2.7 weeks — 5.8 — = — 
3.3 weeks — 50 — — — 
4.3 weeks 46.8 5.6 42.3 23.8 46.3 
13 weeks — 5.3 — 








a The frequency indicated is the mid-point of the 
actual frequency band. 


For the series R* and FR*, almost 
one-half of the total information in each 
series occurs in the monthly frequency 
band. Clearly these series are dominated 
by a mofithly cycle. For R* the only other 
frequency band with as much as 5 per 
cent of the energy is the two-week cycle. 
There is no other frequency band in FR* 
with as much as 5 per cent of the energy. 

Figure 3 presents a comparison of the 
power spectrum of R with that for R*. 
There the extreme flattening of the entire 
power spectrum is evident. The monthly 
energy peak is reduced to contain only 5.6 
per cent of the total energy of the series, 
striking evidence that Federal Reserve 
OMO reduce this dominant component of 

°? The spectral estimates were produced through the 
use of the FORTRAN IV procedure SPECTA written 
by Schotta for use on the IBM 7044 at the Davis Cam- 
pus and the IBM System 360/50 at the Santa Barbara 
campus. The procedure is a major revision of the pro- 
grams for spectral analysis contained in H. Karreman 
[13]. The data were not prewhitened. All estimates 
which we report were produced with the use of the 
Parzen spectral window, see E. Parzen [15, pp. 132- 
- 61], although we also estimated the spectra of all data 
sets using the Tukey-Hanning spectral window, see 
R. B. Blackman and J. W. Tukey [2], in order to 
check for negative estimates at low frequencies. Under 
the Z transform we use, the variance decomposition 


patterns for the two spectral windows were quite 
similar. 


the net series. In some of our earlier esti- 
mates it appeared that the percentage of 
total energy in the business cycle frequen- 
cies (36-42 months) was increased. This 
does not appear in our most recent stud- 
ies. We do find, however, that the small 
peak at two weeks is actually increased by 
OMO. By way of explanation, we are in- 
clined to attribute this augmentation (and 
indeed the entire two-week cycle peak) to 
“folding” of the energy in frequencies 
above the “Nyquist.” Thus, we infer that 
the net result of Federal Reserve OMO is 
to dampen the dominant monthly cycle in 
changes in member bank reserves. How- 
ever, when one examines a graph of the 
entire power spectrum of each series 
(which we have not presented here), R is 
much more nearly flat than R*, thus sug- 
gesting that it is more nearly a “white 
noise” series than is R*. 
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MONTHLY CYCLE) 


CYCLE LENGTH IN WEEKS 


FIGURE 3. COMPARISON oF Power SPECTRA oF R AND 
R* at Frequencies Contratyinc More Tuan 5 Per 
CENT OF THE TOTAL VARIANCE 


The Fed is much less successful in re- 
ducing the monthly peak in FR* than in 
R*, Even here the percentage of total en- 
ergy is reduced to half its former level 
(see Table 1 and Figure 4). Since the 
power in the two-week cycle frequency for 
FR* is just over 4 per cent, the increase 
in this short cycle is smaller by a fraction 
than that induced by OMO in R. Our in- 
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terpretation of the two-week cycle in 
these series is the same as for R and R*. 

The differential reduction in energy be- 
tween the pairs R and R* and FR and 
FR* suggests two alternate interpreta- 
tions. First, one could attribute the differ- 
ential reduction to the fact that reserves 
are actually the Fed’s policy variable with 
free reserves a secondary target. The sec- 
ond interpretation, which seems more rea- 
sonable to us, both a priori and in the 
light of some cross-spectral estimates pre- 
sented below, is that, for the banking sys- 
tem as a whole, OMO are directly asso- 
ciated with a change in R while there is 
an element of discretion on the part of 
banks in changing FR. If banks do not 
immediately adjust their loan portfolios in 
response to OMO, then we should expect 
this differential, We are inclined to the 
view that it is the lower measure of con- 
trol possessed by the Fed over FR, be- 
cause of lags in portfolio adjustments of 
banks, which largely accounts for the 
difference, 
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{MONTHLY CYCLE) 


CYCLE LENGTH IN WEEKS 


FIGURE 4. COMPARISON oF Power SPECTRA or FR 
AND FR* ar Freqvencirs Contanyinc More THAN 
5 Per CENT of THE TOTAL VARIANCE 


This interpretation is reinforced by the 
cross-spectral statistics presented in Table 
2. Cross-spectral methods relate the fre- 
quencies of one series to the correspond- 
ing. frequencies of another series and yield 


a set of summary statistics for the frequen- 
cy band which are roughly analogous to. 
those obtained from correlation and regres- 
sion. For a pair of time series samples 
{vz,#=1,2,...,m} and {ys ¢= 1, 2, 
...,}, each to be estimated with m lags, 
the cross-spectral estimators can be ob- 
tained by first computing the pairs of cross- 
covariance functions for lags# = 1,2,..., 
mti 


1 n— (1) 
Cali) = %iVe— C1) 
(10a) os 
1 n n q 
KENED) 
n \ ml tes] 
1 n—(i~1) 
Cya(i) = Yii) 
(10b) ii 


1 nn n 
-(2)(E+)} 
n tel iml 
These cross-covariance functions are then 


weighted as in (6a) and (6b) to form the 
weighted cross-covariance functions, 


(11a) C'ay(4) = wi)Cali) 
(11b) C’ya(4) = w(t) Cya(4) 
where 
#=1,2,--+,@+1. 
These are then transformed into the 


cross-spectral estimates of the co-spec- 
trum (the “real” part of the cross-spec- 


TABLE 2—Cross-SPECTRAL STATISTICS AT THE 
MontTaiy Cyce Frequency G anp R*; G AND FR* 





Series Coherence Gain Phase T 
R* 86 1.06> — 1.2 —~ 8° weeks 
FR* 81a 1.06 —1.3° — .% weeks 


* Significantly different from zero at the .95 prob- 
ability level. 

b Not different from unity at the .95 probability level. 

° Not different from zero at the .95 probability level. 
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trum) and the quadrature spectrum (the 
“imaginary” part of the cross-spectrum). 
Sometimes these are referred to as the 
“in-phase” and “out-of-phase” compo- 
nents at each frequency. 


mtl 1 j 
c(i) = Do (Cal) 


ju 2 
(12) : ; 
+ Cie(7)) cos Gave oe ESON 
m 
mt 4 
a) = Lo Cal) 
(13) i 


a T 
1n 

fori = 1,2,...,m tlandj=1,2,..., 

mti. 

Just as the power spectrum for a series 
provides a variance decomposition in the 
frequency domain, the cross-spectrum 
provides a covariance decomposition in 
the frequency domain for two series. 
From ¢(#) and q(#) the cross-spectral sta- 
tistic of coherence is calculated for the m 


-+ 1 lags according to 

eli) + Po 
14 CEG) = = 
a k ZONTO) 


for 


i=1,2,--,m+1. 

This statistic is the rough analogue of the 
coefficient of determination and lies in the 
range 0 < C?(#) < 1. Two series that are 
totally unalike are said to be tncoherent 
while a coherence of 1.0 implies that, at the 
particular phase angle used, the series are 
not different. This statistic is a normalized 
cross-spectral density function. 

Gain is the rough analogue of the re- 
gression coefficient of {x:} on {y:} and 
measures the amplification of the base se- 
ries which produces the values in the series 


crossed on the base series. 


lea + e@}? 


(15) GQ) = TO 


for 
i=1,2,--,m+1 


There is no precise equivalent in bivariate 
time series analysis in the time domain of 
the remaining cross-spectral statistics of 
phase and I. 

It should be noted that, when we are 
crossing two series at some specific fre- 


. quency, the only possible differences be- 


tween them are in amplitude and in phase, 
since the frequency of oscillation is the 
same. Coherence provides a general mea- 
sure of this similarity while gain measures 
the amplitude difference. 

Phase is the angular measure of the 
shift on the time axis of the crossed (or 
“output” ) series relative to the base (or 
“input”?) series at which coherence is 
maximized at that frequency. The phase 
statistic is calculated as 


(16) $i) = tani) 


for 


i=1,2 -m41 


We calculate a statistic, I (4), which con- 
verts the phase statistic into a measure of 
the difference between the two series on 
the time azis at each frequency. 


(17) P(t) = $(9)/20e(9) 
for 
i= 1,2, mtl. 
j = 0,1, »™ 
and 
II 
(18) w() == 
m 
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which is the measure of the frequency in 
terms of cycles per unit time. 

As a matter of interpretation, when 
I'(#) is positive the phase shift of the se- 
ries relative to the base series has been 
such that the base series leads the crossed 
series.*° 

In general it is considered profitable 
only to consider cross-spectral statistics 
for those frequencies where the series in 
question exhibit considerable energy. In 
the case of the series in Table 2 the statis- 
tics refer only to the monthly frequency. 
The cross-spectral statistics for G on R 
and G on FR are not included since the 
coherence generally throughout the fre- 
quencies was around .03 for each and did 
not differ from zero at the .95 probability 
level.” 


* For a discussion of this statistic see L. E. Borgman 
[5, pp. 7~9—7-20]. In order to enable the reader to 
interpret our T(¿) statistic relative to that reported in 
other studies we present some definitional formulae. 
Bendat and Piersol [1, pp. 198-99, 290-92], interpret 
the cross-spectral density function estimates against 
the background of the computation of the autocovari- 
ance functions for the time series in question according 
to 





1 Nor 
De Sakate 


— T nal 


Cr = r=0,1,2,-++,m 
where r is the lag number, m is the maximum lag, and 
C, is the estimate of the true value of the autocovarl- 
ance at lag r for a time series sample {x., n= 1, 2, 
..+, N}. When the autocovariance function is cal- 
culated in this way the cross-spectral statistics of phase 
and I'(d) are interpreted such that I'(#) < O implies 
that the “input” series (or base series) leads the 
“output” series (or crossed series) while the con- 
dition that T(i) > O implies the reverse. Since we 
use equation (4) above to calculate the autocovariance 
functions our interpretation of the sign of T'(i) and 
phase are exactly the reverse of the above for our re- 
sults. We should note here that in accordance with cur- 
rent practice, see Fishman [9, pp. 119-21], we use 
equation (4) to secure the autocovariances even though, 
relative to the formulation above, it is a biased esti- 
mator of Cr. 

* It should be noted here that when a random vari- 
able such as R* is formed as in equations (1) and (2) 
above, then it is the case that 


var R* = var R + var G—2 cov (R, G). 
However, our finding of a coherence throughout the 


As might be expected, if indeed OMO 
are directed toward offsetting the variance 
of R* and FR* which is contained in the 
monthly cycle frequency band, the coher- 
ence between R* or FR* and G as pre- 
sented in Table 2 is large and significant. 
While there is some difference in ampli- 
tude of these series this, taken together 
with the C? < 1, merely indicates that not 
all of the OMO were defensive in nature.” 

The substantially lower C° when R and 
FR are crossed respectively with G than 
is the case when R* and FR* are crossed 


frequency bands of essentially zero between R, G and 
between FR, G means that the last term above must 
drop out. Thus var R* must be primarily explained by 
the sum of var R + var G. Since the objectives of 
OMO are to compensate for the var R*, one would 
expect, a priori, if OMO are mostly defensive and are 
successful over time, that cov (R, G) = 0 and var G 
dominate var R*, and further that cov (R*, G) be 
large (and negative). In fact, J. H. Wood [18] pro- 
vides evidence on the desired negative correlation be- 
tween R* and G. Our general findings support the large 
cov (R*, G). Hence, we think our comparison of the 
patterns of variance decomposition of R relative to R* 
out over the frequency spectrum strongly supports the ` 
hypothesis that the Fed is quite successfully engaging 
in defensive OMO. What we show is that if R is treated 
as a signal produced by “mixing” G with R*, with G 
influenced by the factors in the process underlying the 
production of R*, the effect of G is to “spread” the 
variance appearing in the monthly frequencies out over 
the remaining frequencies so that, one.can say that 
the amount of variation of R which exists in the 
dominant frequency is damped. The confidence inter- 
vals for tests of He: C*(i) = O, as well as all tests 
of hypotheses below, were all taken from Bonomo 
and Schotta [3]. 

“This statement must be further amplified. If the 
pair G and R* are analyzed in the frequency domain 
and are found to have differences in amplitude and 
phase, then this could arise because not all G were 
defensive in nature and/or OMO were not perfect. All 
we are prepared to advance as interpretation of the 
coherence findings in Table 2 is that OMO were not 
complete offsets to the factors producing R*. We are 
currently analyzing the data in subperiods to see if 
this coherence statistic changes among postwar cycles. 
However, only if all OMO are defensive and perfectly 
effective will C’gp4 = 1. For some evidence on the per- 
centage of OMO which is devoted to defensive opera- 
tions see Wood [18, pp. 28-29]. Using an approach 
which involves regression methods applied to a time 
series he secures an estimate of the magnitude of OMO 
devoted to “defensive” operations which is consistent 
with our interpretation of the C* in Table 2. 
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respectively with G reinforces the interpre- 
tation presented earlier in the paper that 
the effect of OMO was to redistribute the 
. variance of both series among the other 
frequency elements of both the series on 
reserves and on free reserves. 

Since by equation (8) we know that the 
auto-covariances and cross-covariances at 
the zero lag are estimates of var x: and 
COV Xt, ye respectively, it can be seen from 
Table 3 below that var R is approximately 
57 per cent of var R* while var FR is 
approximately 40 per cent of var FR*. 


TABLE 3 
COVARIANCE ESTIMATES AT LAG ZERO* 











G R R* - FR FR* 
G 66919 13023 — 53896 4999 —61920 
R 56986 43962 21041 8021 
R* 97860 16045 69939 
FR 36513 31436 
FR* 93436 





* Cov (R.R)=oR# 


This is striking evidence that, in addi- 
tion to altering radically the distribu- 
tion of the variances in the frequency do- 
main, the introduction of OMO signifi- 
cantly reduces the variance of reserves and 
free reserves from the levels which would 
have prevailed in the absence of Fed ac- 
tion. 
IV. Summary 


To summarize our results, we have 


found through calculations of the power 
spectrum for the series R, R*, FR, FR*, 
and G that the effect of Federal Reserve 
open market operations since the Accord 
has been practically to eliminate the very 


strong monthly element cycling in mem- ` 


ber bank reserves, to dampen appre- 
ciably the equally strong monthly cycle in 
free reserves, and to reduce significantly 
the total variance of both series.” 

We attribute the differential reduction 
in the monthly cycle between R and FR 


We are currently examining data for these vari- 
ables for the entire period 1931-68, for individual 


to the lower degree of direct control over 
free reserves on the part of the Fed and 
not to a primary emphasis on reserve lev- 
els as a target variable. 

After we had secured our statistical re- 
sults, several questions suggested them- 
selves. First, why should there be such a 
pronounced monthly cycle in reserves and | 
free reserves? We rejected the idea that 
this was a spurious element introduced by 
the subtraction of G since we could have 
secured R* and FR* by adding up the 
factors other than OMO affecting re- 
serves.™* In connection with the earlier 
study referred to on the hypothesis 
of independence between changes in the 
currency-money ratio and G, we had occa- 
sion to calculate the power spectrum for 
bi-weekly changes in currency outside all 
banks, C. We found that almost 60 per 


business cycles during this period, and for certain 
selected sub-periods to ascertain the variance reduc- 
tion and variance redistribution effects of OMO. 

“One commentator has suggested that our finding 
of a monthly cycle peak is spurious because we usa 
week-to-week changes in our data rather than levels. 
Our hypotheses concern the relationship between 
changes in the Federal Reserves’ securities portfolio 
(OMO) and changes in variables measuring the vari- 
ous reserve accounts—not the relationship between 
levels of these variables. Thus, we have used first- 
differencing to produce data sets more in accord with 
our a priori hypotheses, not for statistical reasons. 
However, there are sound reasons for using a first- 
difference digital transform when interested in the 
higher frequencies. Had the necessity for eliminating 
specific frequency elements been our primary consid- 
eration, we probably would have used a specific high- 
pass filter to eliminate the strong-trending mean in 
the series for the variables on levels. For an evaluation 
of the use of a first-difference digital transform, in- 
cluding the effect on the power spectral density func- 
tion, see Jenkins and Watts [12, pp. 205-300] and 
E. Malinvaud [14, pp. 413-19]. C. W. J. Granger and 
H. J. B. Rees [11, p. 69] also use this transform for 
economic time series. For an epplication of spectral 
analysis which seems to suggest the possibility of spur- 
ious peaks in the power spectrum as a result of the 
use of this transform, see T, J. Sargent [17, p. 165]. 
On the basis of the statistical sources cited above and 
other evidence, primarily the existence of the monthly 
cycle in the original series, we reject the suggestion 
that our finding of a monthly cycle in the series is 
spurious. 
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cent of the energy of this series was con- 
tained in the monthly cycle band. Con- 
verting G to bi-weekly changes, we con- 
tinued to find a peak at the monthly cycle. 
In fact nearly 50 per cent of the energy of 
this series was then compressed into a 
rather narrow band around this fre- 
quency. We calculated cross-spectral sta- 
tistics for this frequency which are pre- 
sented in Table 4. 


TABLE 4—CRO8S-SPECTRAL STATISTICS AT THE 
Montaty Cycie Frequency G and C, G anp R* 





Series Coherence Gain Phase r 


C 6 70> 10 
Re 849 99> 


01 weeks 
055 .005 weeks* 


* Not different from zero at the .95 probability level. 
b Not different from one at the .95 probability level. 
* Different from zero at the .95 probability level. 


In terms of time units, the open market 
operations at this frequency and the 
change in currency occurred with no time 
lag. This is also the case between R* and 
G. 

When we calculate the cross-spectrum 
between R* (the base series) and C, we 
found that for the monthly frequency, 
which was again the only frequency com- 
mon to both series that contained a sub- 
stantial amount of information, coherence 
was .87, gain was .75, and I’ was not dif- 
ferent from zero. 

These findings are suggestive of an in- 
terpretation of open market operations as 


being undertaken, or at least having the- 


effect of existing primarily, for the pur- 
pose of offsetting a monthly cycle in 
changes in currency outside all banks. 

. A common-sense explanation of this, 
which is consistent with one of the origi- 
nal purposes of the Federal Reserve Sys- 
tem to provide elasticity in the volume of 
currency for the purposes of trade, is that 
institutional payments arrangements are 
monthly (or bi-weekly) and, concurrent 


with the rise in the volume of check trans- 
actions around these points, there is the 
very common monthly practice of the 
“check for cash.” We suspect that there 
would appear a very strong two-week 
cycle in changes in currency outside all 
banks if we had access to accurate daily 
data on this series. 

Future directions for our research ap- 
pear to lie in the investigation of the rea- 
sons for the monthly currency cycle. We 
also intend to investigate whether or not 
there exists a fixed relationship between 
the amount of float and bank debits. We 
have seen enough evidence to tentatively 
formulate the hypothesis that, in their de- 
fensive operations, the Federal Reserve is 
largely offsetting a rather regular and pre- 
dictable monthly cycle in currency outside 
all banks and in float with its alteration of 
reserves. It may very well be this factor in 
open market operations which has allowed 
comparisons between annual changes in 
the money supply as a result of discretion- 
ary monetary policy and the various fixed 
rule policies to be so favorable to the 


latter.” 


REFERENCES 


1. N. S. BENDAT AND A. G. PrærsoL, Mea- 
surement and Analysis of Random Data. 
New York 1966. 

2. R. B. BLACKMAN AND J. W. Tuxey, The 


“Tn particular, Martin Bronfenbrenner [6] utilized 
annual data which would, if our interpretation is cor- 
rect, preclude the short-run evidence we have from 
appearing in his results. Thus his study, because of the 
extremely long digital interval, was net of a major rea- 
son for open market operations. His later quarterly re~ 
vision of this study [7] is still subject to the same 
criticism. In fact we have seen no studies of the effect 
on major economic variables of alternative monetary 
rules which utilize a data set with a digital interval 
short enough to analyze the phenomenon we have 
found to be an important aspect of Federal Open Mar- 
ket Operations. 

Nothing in our analysis should be interpreted as 
suggesting that the magnitude of the Fed’s monthly 
offset against the cyclical pattern in currency and coin 
outside all banks is the seme; we merely show that the 
Fed has been engaging in this monthly offset policy. 


BONOMO AND SCHOTTA: SPECTRAL ANALYSIS 61 


Measurement of Power Spectra. New York 
1958. 

. V. Bonomo AnD C. Scuorta, “Statistical 
Tables for Time Series Analysis,” Techni- 
cal Paper No. 69-1, Department of Eco- 
nomics, Virginia Polytechnic Institute, 
Blacksburg 1969. 

, “The Relation between Federal 
Open Market Operations and Variations in 
the Money Multiplier: A Cross-Spectral 
Analysis.” Paper presented at the Western 
Economic Association Meetings, August 
25, 1967, Boulder, Colorado. 

. L. E. Borcman, Statistical Time Series. 
Berkeley 1966. ; 

. M. BRONFENBRENNER, “Statistical Tests 
of Rival Monetary Rules,” Jour. Pol. 
Econ., Feb. 1961, 69, 1-14. 

, “Statistical Tests of Rival Mone- 
tary Rules: Quarterly Data Supplement,” 
Jour. Pol. Econ., Dec. 1961, 69, 621-25. 

. L. Brown, Methods for the Analysis of 
Non-Stationary Time Series with Appli- 
cations to Oceanography, Technical Re- 
port HEL-16-3, Hydraulic Engineering 
Laboratory, College of Engineering, Uni- 
versity of California. Berkeley 1967. 

. G. S. FISHMAN, Spectral Methods in Econ- 
ometrics, Rand Report R-453-PR. Santa 
Monica 1968. 








10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


C. W. J. Grancer AND M. HATANAKA, 
Spectral Analysis of Economic Time Se- 
ries. Princeton 1964. 

C. W. J. Grancrr ann H. J. B. Rzzs, 
“Spectral Analysis of the Term Structure 
of Interest Rates,” Rev. Econ. Stud., Jan. 
1968, 35, 67-76. 

G. M. Jenkins anb D. G. Warts, Spec- 
tral Analysis and its Applications. San 
Francisco 1968. 

H. F. Karreman, Computer Programs for 
Spectral Analysis of Economic Time Se- 
ries, Princeton University Econometric Re- 
search Program, Research Memo. No. 59, 
Princeton 1963. 

E. Matinvaup, Statistical Methods of 
Econometrics. Chicago 1966. 

E. Parzen, Time Series Analysis Papers. 
San Francisco 1967. 

M. B. Prrestty, “Evolutionary Spectra 
and Non-Stationary Processes,” Jour. 
Royal Stat. Soc., Ser. B, 1965, 27, 204-37. 
T. J. SarcEnr, “Interest Rates in the Nine- 
teen-Fifties,” Rev. Econ. Stat., May 1968, 
50, 164-72. 

J. H. Woop, A Model of Federal Reserve 
Behavior, Staff Economic Studies, No. 17, 
Federal Reserve Board of Governors. 


Washington 1966. 


Resetve Policies of Central Banks and 
Their Implications for U.S. Balance 
of Payments Policy 


By Hetmot A. HAGEMANN* 


Under the gold-exchange standard, na- 
tional currencies have supplemented gold 
as an international means of payment. 
The extent to which the fiduciary com- 
ponent of international reserves can be 
expanded depends on the reserve policies 
of central banks. Investigation of these 
policies is essential in assessing the ade- 
quacy of international reserves and the 
urgency of reducing the U.S. balance of 
payments deficit. Therefore, in this paper, 
we extend and test Kenen’s model on re- 
serve policies of central banks [4] and 
show its implications for U.S. balance of 
payments policy.1 


I. A Theory of Reserve Policies of 
Central Banks under the Gold-Exchange 
Standard 


In Kenen’s model the aggregate dollar- 
reserve ratio of central banks, D/R, is 
determined by the ratio of the U.S. gold 
stock to her short-term liabilities to cen- 
tral banks, G,/D, and the interest rate on 
these liabilities, r.? 


(1) D/R = f(Ga/D, r) 


* The author was a teaching fellow, Harvard Uni- 
versity from 1964 to 1966 and is now an associate in the 
Düsseldorf office of McKinsey & Co., Inc. He is in- 
debted to Professors Hendrik S. Houthakker and Gott- 
fried Haberler for many suggestions and comments on 
earlier drafts of this paper. The study was made possible 
by a grant from the Ford Foundation to Harvard Uni- 
versity for studies in international economics. 

1 The implications of this analysis for international 
monetary policy are discussed elsewhere [2] [3]. 

3 In the appendix, the D,/R; ratio of central banks ig 
made dependent on the ratio of the U.S. gald stock to 
her short-term liabilities to foreign central and com- 
mercial banks [4, p. 584, eq. (A-3)]. 
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However, central banks’ evaluation of 
the risks of holding dollars will not only 
depend on the G4/D ratio, but on other 
foreign assets and liabilities of the United 
States as well, especially on those that are 
highly liquid and thus could easily affect 
the G4/D ratio. Therefore, we have ex- 
tended Kenen’s model to include U.S. 
short-term assets and liabilities, SA, SL, 
and U.S. long-term assets and liabilities, 
LA, LL. 

Kenen built his model around a global 
function for central banks’ reserve-asset 
preferences. Our model includes functions 
for the portfolio policies of individual cen- 
tral banks and thus is able to take into ac- 
count all those factors X}, +--+, X7', which 
reflect the relations of country f to the 
world and to the United States in particu- 
lar. Disregarding the fact that reserve 
policies of one country might depend on 
those of another, we can rewrite Kenen’s 
behavioral function for the k countries out- 
side the United States in the following 
way: 


(2) D/R= > [D;/R] W: 


where W; = R;/R; D; > 0; R20 


k 
= J, f:(G4/D, r, SA, SL, LA, 
i=l 


LL, Xi XD Wi 


Now let us turn to how the specific 
economic position and environment of a 
country is likely to influence its reserve 
policies. Because of the close interde- 
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pendence of the various national econo- 
mies, reserve policies of a country can 
easily have favorable or unfavorable re- 
percussions on that country, particularly 
if it is large. Thus, in formulating their 
reserve policies, countries will take into 
account such repercussions as may result 
from their economic environment and, 
specifically, from the following factors. 


Economic Size and Wealth of a Country 


A large country is not as free to convert 
dollars into gold as a smaller one. The wide 
publicity such a conversion is likely to 
attract may induce a large country to hold 
relatively more dollars than a smaller 
country. A large country may also have a 
greater interest in the stability and proper 
functioning of the international monetary 
system and of the world economy as a 
whole. Because of its size and its possible 
influence on the reserve policies of smaller 
countries, its behavior has more weight. 
On the other hand, a smaller country may 
act more independently and reduce its 
D,/R; ratio without great publicity and 
repercussions on its economy. 

The effect of the wealth of a country on 
its D,/R, ratio is not clear on a priori 
grounds. On the one hand, one can argue 
that a wealthy country has much more 
to lose in a monetary upheaval than a poor 
country. It will therefore hold more dollars 
in order to prevent a breakdown of the 
system. On the other hand, the poor 
countries have a much greater preference 
for income and might for this reason hold 
more dollars than the rich countries. 


The Flow and Stock of a Couniry’s Foreign 
Assets and Liabilities 

1. The Current Account. A country, 
which continuously runs a current account 
deficit and thus continuously loses foreign 
assets, or is highly dependent on capital 
inflows from other countries, is less likely 
to reduce its D,/R, ratio than a country 


with a continuous current account surplus, 
since such action could lead to restrictions 
on international capital movements and 
trade, or to deflationary measures in the 
United States and in turn in other coun- 
tries. These balance of payments mea- 
sures would then accelerate the drain on the 
country’s foreign assets or endanger its 
supply of foreign capital. 

On the other hand, a country with a 
continuous current account surplus need 
not fear the consequences of such restric- 
tions and deflationary measures in other 
countries as much. A country may even 
consider deflation in other countries de- 
sirable, if it suffers from imported ivfla- 
tion; and a decline in the current account 
surplus may be welcome, if it does not 
want to save internationally nor assume 
ever higher foreign capital risks by accumu- 
lating large amounts of foreign assets, par- 
ticularly if these take the form of low- 
yielding international reserves. 

Thus, countries whose net foreign assets 
are continuously increasing tend to adopt 
a lower D,/R, ratio, ceteris paribus, than 
countries whose net foreign assets are 
continuously decreasing. However, the 
D,/R; ratio will not only depend on the 
aggregate net in- or outflow of foreign 
capital, but also on the direction and types 
of foreign capital flows, as well as on the 
stock of foreign capital already accumu- 
lated. 


2. Direction and Types of Foreign Capi- 
tal Flows. A change in the D,/R; ratio of a 
country will have a direct effect on the 
reserve position of the United States and 
only an indirect effect on the reserves of 
other countries through the U.S. balance 
of payments policies. This means that the 
primary repercussions of any change in the 
D,/R; ratio will be on a country’s capital 
movements and trade with the United 
States. Therefore, a country which relies 
heavily on foreign aid and other capital 
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inflows from the United States is likely 
to adopt a higher D,/R, ratio than a coun- 
try that does not depend on U.S. capital 
or tbat exports capital to the United 
States. 

However, it will depend on the type of 
capital flows concerned. For instance, if a 
country receives capital in the form of 
direct foreign investments with high re- 
turns and associated with a change in con- 
trol over assets, it may act very differently 
from a country that receives capital in the 
form of foreign aid or portfolio invest- 
ments. The former may try to reduce di- 
rect foreign investment by converting 
dollars into gold, while the latter country 
may encourage the other types of capital 
inflows by adopting a higher D;/R, ratio. 


3. The Stock of Foreign Assets and Li- 
abilities. If a country as a whole has al- 
ready a large stock of net foreign assets 


and has assumed large foreign capital 


risks, it will be less willing to accumulate 
even more foreign assets and incur addi- 
tional risks than a country with low or 
negative net foreign assets. By holding 
- gold instead of dollars, a country can de- 
crease the foreign capital risks for the 
country as a whole,’ but more importantly, 
it can put pressures on the balance of pay- 
ments of the United States and in turn on 
other countries, and thereby reduce the 
accumulation of net foreign assets. 

Of particular importance for a country’s 
reserve policies is the stock of international 
reserves, If a country’s reserves are large 
relative to its GNP or to total reserves 
outside the United States, it will tend to 
lower its D,/R, ratio in order to put pres- 
sure on other countries to eliminate their 
deficits or increase their surpluses. On the 
other hand, a country with low reserves 


3 Since in many countries international reserves repre- 
sent a considerable portion of total foreign assets, re- 
serve policies have an important influence on the risk- 
income characteristics of the total portfolio of a.country. 


will tend to adopt a higher D;/R; ratio in 
order to help other countries avoid re- 
strictive balance of payments measures 
and thereby facilitate its own acquisition 
of reserves.‘ 

However, besides the gross amount of 
reserves, other assets, credits, and liabil- 
ities may also influence the D,/R, ratio. 
For instance, if a central bank sells dollars 
to a commercial bank under a repurchase 
agreement, it may still regard these dollars 
as part of its own reserves and not change 
its gold holdings at all. However, statis- 
tically, such a transaction would result in 
a decrease of official dollar holdings and 
consequently in a reduction of the D,/R; 
ratio, Or, if a central bank enters a swap 
arrangement with the United States, it 
may increase its D;/R; ratio, as long as its 
own liabilities remain outstanding. It may 
regard dollars gained in this way as differ- 
ent from dollars earned through regular 
transactions. Or, if conditional reserves 
under the I.M.F. credit tranche are in- 
creased, the central bank may reduce its 
D;/R, ratio, since the credit tranche is 
paid in foreign currencies and is thus 
closer in nature to foreign exchange re- 
serves than to gold. However, the I.M.F. 
gold tranche can be considered such a close 
substitute for gold that in this paper it is 
included in the gold holdings of a country. 

Tf foreign assets of nonofficial holders 
become very large, there is always a 
danger that the central banks will be 
flooded with dollars once these assets are 
liquidated. Such large-scale liquidations 
are most likely to occur when reserve 
currencies are weak and when it is most 
awkward to convert dollars into gold. By 
holding less dollars when foreign assets of 


4 However, according to Kenen, some countries may 
have such a great preference for income that they mainly 
accumulate dollars and only hold a certain amount of 
gold as a “war chest.” Thus, the D;/R; ratio could fall if 
reserves increase [5]. However, this kind of behavior can 
more likely be expected from less developed countries, 
which will not be investigated here. 
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other institutions are large, a central bank 
can avoid this embarrassing situation. 
Such action on the part of a central bank 
may also be taken with a view to balancing 
the foreign exchange risks of the country 
as a whole, as we have seen above. If 
individuals and banks assume large ex- 
change risks by holding foreign assets, a 
central bank may adopt a more conserva- 
tive portfolio policy. 


A Country’s Foreign Trade with the Reserve- 
Currency Couniries 


Similarly, as a country will take into 
account the repercussions of its reserve 
policies on its foreign capital flows it will 
also consider the repercussions on its for- 
eign trade. If a country exports primarily 
to reserve-currency countries, it is more 


likely to accept a low gold content of its. 


reserves. By doing so, it can help the re- 
serve-currency countries to avoid harsh 
balance of payments measures which 
would be most harmful to its own foreign 
trade. 

Moreover, the closer the trade ties with 
the United States, the more likely a coun- 
try will be to follow a devaluation of the 
dollar and avoid embarrassing capital 
losses on its balance sheet.’ 


Dynamic Features of an Adjustment Process 


Central banks holding a large amount 
of reserves are not likely to change their 
D,/R; ratio radically from one quarter to 
the next. They will generally change the 
composition of their reserves only gradu- 
ally, if any of the independent variables 
change. It is for this reason that an auto- 
regressive structure has been introduced 
into the regression equations to follow. | 

However, the immediate impact of a 
change in reserves during the period of 
observation on the D,/R; ratio at the end 


5 Tt will, of course, still have foregone a capital gain, 
but that can be defended much easier before the public. 


of that period cannot be taken into ac- 
count by an autoregressive term. Since 
frequent conversions of dollars to gold and 
back again to dollars would be very costly, 
it is most likely that central banks initially 
accumulate their additional reserves in the 
form in which they have earned them, i.e., 
generally in dollars. And, conversely, when 
central banks use their reserves to support 
their currencies, they will usually draw 
first on their foreign exchange holdings. 
Therefore, initially a rise in reserves is 
likely to increase the D,/R; ratio, and a 


‘decline in reserves is likely to decrease that 


ratio. | 


Il. Regression Analysis of the Reserve 
Policies of Central Banks 


The view that the portfolio policies of 
central banks are determined by politics 
regardless of any economic considerations 
seems to be widespread. The only major 
attempt to test reserve-asset preferences 
empirically was made by Kenen in 1963 
[5]. However, his analysis is limited in 
scope. The only variables which enter into 
his regressions are the total amount of re- 
serves of a particular country, its foreign 
exchange holdings, and the changes in 
each of these variables. No attempt was 
made to take into account all the other 
variables that also have an important in- 
fluence on reserve policies—all those that 
determine the international liquidity posi- 
tion of the United States and those that 
characterize the position of an individual 
country within the entire structure of 
international trade and capital move- 
ments. In the following, we will investigate 
these complex relationships by testing the 
various determinants of the D,/R, ratio. 
Because in most countries dollar holdings 
of central banks are not published, we 
have investigated the foreign exchange- 
reserve ratio instead of the dollar-reserve 
ratio. We excluded all sterling-area coun- 
tries from our analysis, as they have tradi- 
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tionally held a large portion of their re- 
serves in pounds.’ 

The following nomenclature has been 
adopted in these analyses. All variables 
are in $ million, if not otherwise indicated: 


r= Average tender rate for three- 
month Treasury Bills, per cent 
[6] 

Ga=U.S. gold stock [6] 

D=US5S. short-term liabilities to off- 
cial institutions [6] 

SA=U.S. short-term foreign assets 
excluding the U.S. gold stock [8] 

SL=U.S. short-term foreign liabilities 
excluding U.S. liabilities to off- 
cial institutions [8] 

LA=U.S. long-term foreign assets [8] 

LL=U5S. long-term foreign liabilities 
[8] 

DF= U.S. balance of payments deficit, 
liquidity basis, seasonally ad- 
justed [8] 

R=Total reserves outside the United 
States [6] 

R;= Reserves of country i, including 
the I.M.F. gold tranche [6] 

D,;= Foreign exchange holdings of 
country 7 [6] 

CT eink credit tranche of country 
i [6 

. BA,;=Foreign assets of the commercial 
banks in country i [6] 

BL,= Foreign liabilities of the commer- 
cial banks in country i [6] 
DI,;=Increase in the value of U.S. 

direct investment in country i [8] 

PI;=Net increase in U.S. long-term 

ho investment in country 4 
10] 

FA,=Net U.S. foreign assistance to 
country 7 [9] 

CD;= Deficit on the current account of 
country i [6] 

X;=Exports of country i [6] 


* At the end of 1965, these countries held 74 per cent 
of all British short-term liabilities to official institutions. 


XR;:= Exports to the reserve-currency 
countries (United States and 
United Kingdom) by country 4 
[7] 


Time Series Analysis for 11 Major 
Countries 

The time series analysis is limited to 11 
major countries outside the sterling area 
whose reserves exceed $1 billion. The re- 
serves of these 11 countries account for 
approximately 75 per cent of international 
reserves outside the U.S. and the sterling 
area, and therefore have the greatest im- 
portance to U.S. balance of payments 
policies. 

This analysis is based on quarterly data. 
However, for three reasons we have ex- 
cluded the initial observations in the early 
1950s and started with the period that 
showed the highest D,/R; ratio. First, in 
the early postwar years the portfolios of 
many central banks did not seem to be in 
equilibrium. At the time when there was a 
shortage of international reserves in gen- 
eral, many central banks complained 


` more about a shortage of dollars than a 


shortage of gold. During the subsequent 
period of adjustment to the equilibrium 
D,/R, ratio, some central banks exchanged 
gold against dollars. Others, being more 
reserved about the development of the 
new gold-exchange standard, adjusted 
more slowly to a higher D,/R; ratio by 
accumulating additional dollars, only as 
they earned them from balance of pay- 
ments surpluses. Secondly, random changes 
in the foreign exchange reserve ratio were 
often quite large, since reserves were still 
very low; and thirdly, changes in non- 
dollar exchange holdings were of relatively 
greater importance. 

The time series analysis shows that the 
U.S. liquidity ratio, Ga/D, is very sig- 
nificant in all cases (Table 1).” When the 


1 The Ga/D ratio becomes even more significant, if we 
take annual data for our regressions, 
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TABLE [—REGRESSIONS FOR 11 Mayor COUNTRIES, QUARTERLY DATA 





Country 


Austria 


Belgium- 
Luxembourg 


Canada 


France 


(eq. (1)) 
France 
(eq. (2)) 


Germany 


Italy 


Japan - 


Nether- 
lands 





T-Test® Standard 
Estimated Equation (Null-Hy- (per cent) PGF F-Ratio® Error of 
pothesis) Estimate 
(D/Rdi= 0.2047 3.1 97.4 42 527.0 0.0224 
0.0618 (Ga/D), 3.2 (26.4) 
0.2535-10-4 (SA—SL), 2.8 
0.5826 (DR) 4.7 
(Di/Rdi= —0.0112 —0.8 91.0 51 129.5 0.0237 
0.0165 (Ga/D), 2.4 (13.7) 
0.2100- 10-8 AR; 4.7 
0.7445 (D/Rdea 9.7 
0.3020-10~ BL, 2.0 
(D:/Rdim= 0.2103 3.4 75.9 57 35.3 0.0625 
0.0317 (Ga/D), 3.7 (9.2) 
—0.2726-10~ SL —2.5 
0.1519-10-* AR; 3.0 
0.3884 (Di/Rdia 5.2 
0.1330-10-? BLiz 3.7 
(Di/R)i= 1.0004 5.1 84.6 21 28.9 0.0310 
0.4272-10+ (SA—SL), 3.4 (14.0) 
0.1171-10-8 AR; 2.1 
0.4596 (DJ/R)ra 4.5 
—0.9703 -10° CT'u —4.7 
(D/Rdv= 0.2118 0.8 46.1 22 6.28 0.0567 
0.3264 (Ga/D), 2.3 (26.6) 
—0.7878-10- SL; —3.4 
0.1795- 10-8 AR; 2.9 
(Di/Rdem 0.0263 2.2 98.0 49 808.0 0.0244 
0.0320 (Ga/D), 4.4 (26.4) 
0.9717-10~ AR; 9.9 
0.7667 (Di/Ridtx 17.0 
(Di/R) r= —0.6724 —4.2 90.1 31 70.5 0.0479 
0.3452 (Ga/D), 9.4 (13.8) 
0.0432 re 2.4 
0.8713-10~ (SA—SL), 4.0 
0.1286-10-* (LA—LL), 5.5 
(Di/R)i= 0.3362 3.6 93.7 49 144.5 0.0266 
0.0131 (Ga/D), 1.8 (9.2) 
—0.3539-104 SLi —3.4 
0.1034-10~ (LA—LL), 3.0 
—0.2234- 10 DF, —2.5 
0.5879 (D/Rder 6.1 
(D:/Rò= 0.0030 0.3 91.6 58 210.8 0.0401 
0.0304 (Ga/D 4.0 (26.3) 
0.2561-10-9 AR; 3.8 
0.5752 (D/Ri)ia 6.4 
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Durbin 
Watson 


1.43 


1.38 


1.34 


2,04 


0.81 


1.50 


1.26 


2.04 





a For the reader’s convenience the T-Test for the Null-Hypothesis is given rather than the standard error. For 


instance, if ¢ 


«2, the coefficient is significantly different from zero at the 0.05 level. 


b The F-ratio for the whole equation is given and can be compared with the F-ratio which indicates a level of 
significance of 0.01 (in parentheses). 
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TABLE 1—REGRESSIONS FOR 11 Mayor COUNTRIES, QUARTERLY DATA (Cont’d) 
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T-Test* 
Country. Estimated Equation (Null-Hy- 
pothesis) 

Spain (Dif R)ı= —0.0258 —0.9 

0.1601 (Ga/D), 5.5 

0.4756- 10% AR; 5.0 

0.5638 (D/Rjia 7.8 

Sweden  (D/Rò):= 0.0395 2.4 

(eq. (1)) 0.0084 rea 2.5 

0.5282-10-* AR; 6.6 

0.8907 (Di/R)a 28.7 

(eq. 2)) (Di/R) = . 1901 3.1 

0.0461 (GafD), 3.6 

0.4840-10 S4, 7.4 

—0.4724-10 BAy —2.9 

Switzerland (Di/Rde= 0.0050 0.7 

0.0079 (Ga/Dh 2.3 

0.5324: 107 AR, 2.7 

0.7464 (Di/R)ıa 8.2 


ratio of the U.S. gold stock to her short- 
term liabilities falls, the risk in holding 
dollars is increased and, consequently, 
central banks tend to lower their D,/R; 
ratio. 

This relationship has dynamic implica- 
tions. For instance, if the United States 
incurs a balance of payments deficit thus 
reducing its liquidity ratio, central banks 
will, ceteris paribus, lower their D,/R, ratio 
by exchanging dollars into gold. This will 
further reduce the liquidity ratio and lead 
to a second round of adjustments [4, pp. 
579-82]. 

However, the adjustments to a change 
in any of the independent variables are not 
instantaneous, as the presence of the auto- 
regressive term (D;/R:)ı in 10 out of 13 
equations shows. The particularly strong 
and separate influence of a change in re- 
serves during a quarter on the D,/R; ratio 
at the end of that quarter is indicated by 
the presence of AR; in 9 out of 13 equa- 
tions, Central banks that gain reserves 
tend initially to accumulate foreign ex- 
change before converting it into gold and, 


R ; i 
DGF F-Ratio® Error of 
(per cent) Estimate Watson 

96.4 21 185.0 0.0266 1.87 
(26.7) 

96.2 51 426.0 0,0194 1.62 
(26.3) 

77.8 51 59.6 0.0467 0.36 
(26.3) 

78.7 49 60.4 0,0189 2.07 
(26.4) 


similarly, to reduce their foreign exchange 
holdings, when their reserves decline, 
before they adjust their gold holdings. 

The interest rate on dollars is of rela- 
tively minor importance. Only in Italy and 
Sweden (eq. (1)) did it have any signifi- 
cance. 

Far greater is the influence of U.S. 
short-term assets and liabilities (other 
than those to official institutions) on the 
reserve policies of central banks. The lia- 
bilities of the United States represent a 
burden on her future balance of payments 
and thus increase the risk to foreign dollar 
holdings. In Austria, Canada, France (eq. 
(1) and eq. (2)), Italy, and Japan, U.S. 
short-term liabilities played an important 
role in determining reserve policies of cen- 
tral banks. However, in Austria, France 
(eq. (1)), and Italy, U.S. short-term 
assets were regarded as a factor offsetting 
the risk created by her liabilities. 

The overall net long-term position of the 
United States was only significant in the 
case of Italy and Japan, and the U.S. 
balance of payments deficit (liquidity 
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basis) had a significant influence only on 
the reserve policies of Japan. Lack of data 
prevented us from testing the influence of 
foreign assets and liabilities of the banking 
sector in each of the 11 countries.’ How- 
ever, it appears that, at least in Canada 
and Belgium, the relatively large foreign 
liabilities of the banking sector induced the 
central bank to hold more foreign ex- 
change than it would otherwise have done, 
and thus avoid forcing other countries to 
withdraw their assets. In Sweden (eq. (2)) 
on the other hand, foreign assets of com- 
mercial banks seem to have made the 
central bank more cautious about the 
accumulation of foreign exchange, since 
the repatriation of these assets would lead 
to large foreign exchange holdings, which 
the central bank might then be unable to 
convert into gold. 

Of course, these foreign assets and lia- 
bilities are very heterogeneous and have 
probably changed a great deal in composi- 
tion and quality over time; in addition, 
they are not the only foreign assets and 
liabilities of a country. The holdings of 
nonbank institutions and individuals may 
also be important—indeed the size and 
structure of the entire foreign investment 
position of a country is likely to influence 
the way in which policy-makers evaluate 
the proper D,/R, ratio. More work is 
needed to test these complex relationships 
and to clarify the role that central banks 
play, or should play, in altering the size 
and composition of foreign assets and 
liabilities of a country as a whole through 
their reserve policies.’ 

t Data were available for Austria, Belgium, Canada, 
Germany, and Sweden. However, some of the early 
quarterly observations had to be derived by linear 
interpolation of yearly data: in Austria for the years 
1954-57, in Belgium for 1952-57, in Canada for 1951 
and 1952, in Germany for 1953-56, in Sweden only 
foreign liabilities of commercial banks had to be inter- 
polated for the years 1950-56. 

» Of the conditional reserves the I.M.F. credit tranche 
was only significant in the case of France (eq. 1). When- 


ever the French credit tranche increased, France re- 
duced her D;/R, ratio. 


Cross-Section Analysis for 18 Countries, 
1964 


This analysis is confined to all countries 
outside the sterling area with exports over 
$1 billion. These 18 countries have a ma- 
jor stake in world trade and represent a 
group of all major developed and semi- 
developed countries outside the sterling 
area and the United States.!° We esti- 
mated two different equations and recom- 
puted them for the same 18 countries ex- 
cluding France (Table 2). 

One of the most interesting findings of 
this cross-section analysis is that, in this 
sample, countries have responded un- 
favorably to U.S. direct investment in 
their countries. Their hidden or declared 
reluctance to finance direct U.S. invest- 
ment by accumulating short-term dollars 
is reflected in their portfolio policies. If 
U.S. direct investment in a developed 
country is large in proportion to its GNP, 
the country tends to reduce the dollar con- 
tent of its reserves, thus putting pressure 
on the United States to restrict these capi- 
tal outflows. On the other hand, countries 
which receive U.S. long-term capital in 
other forms have adopted a higher D,/R; 
ratio than those recording a net capital 
outflow to the U.S. This means that the 
official institutions have generally wel- 
comed U.S. long-term capital, unless it is 
associated with a shift of control to U.S, 
investors (eq. (2a) (2b)). 

The D,/R; ratio will be even higher, if 
the country has continuous large deficits 
on the current account relative to its GNP, 
or if it sells a large portion of its exports to 
the reserve-currency countries. By accu- 
mulating a large portion of its reserves in 
foreign exchange and not converting it 
into gold, a country can help to reduce the 
danger that the reserve-currency countries, 
and in turn other countries, might restrict 
international capital flows and trade, or 


10 Conclusions drawn from this group of countries 
should not be applied to the less developed countries. 
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TABLE 2—Cross-SectTIon REGRESSIONS For 18 COUNTRIŒS, 1964 INCLUDING/EXCLUDING FRANCE 





Estimated Equation 


(1a) with France Dj/Ry= 0.3555 


—0.2294-10-2 DI,/GNP; 
CD:/GNP P 
XR;/X: 


3.7744 
0.5533 


—0.1654 R/R 


0.3914- 10-8 GNP; 
0.1178: 10 GNP;/Capı 


(1b) without France D;/Rı= 0.3488 


—0.2331-10-? DI/GNP: 
CD:/GNP P} 
XR;/X; 


3.5670 
0.4834 
—0.1788 R/R 
0.5140- 10-8 GNP, 


0.1319- 10-3 GNP,/Cap; 


(2a) with France D:/Rı= 0.6311 


—0.2624-10 DI;/GNP° 
CDi/GNP# 
0.3716-10° PI,/GNP# 
0.2543-108 F4,/GNP¢ 
R/GNP; 


6.1483 


—1.2159 


(2b) without France D:;/Rı= 0.6707 


~—0.2503-10° DI;/GNP¢ 
CD/GNPS 
0.3354-10 PI,/GNP?S 
0.1477-10° FA,/GNP?S 
R/GNP; 


5.5586 


— 1.4903 








T-Test 


Rt 
HES (per cent) 


Standard 
DGF  F-Ratio* Error of 
Estimate 


90.8 11 18.1 
(7.8) 


0.0854 


W o bo Ge bo he OT 


DNAMACH woan m O ia e 


94.6 10 29.3 
(7.9) 


0.0652 


Bm Go Ga Ga Go in 


[es 


85.9 12 14.6 
(9.9) 


0.1014 


NN WW PD 
WWO OW bd 


88.1 11 16.3 
(10.0) 


0.0925 


l ons 


GW mW E O bo 
COWoOnans 


* The number in parentheses is the F-ratio for a level of significance of 0.01. 


b 1961-64 average. 
* 1962-64 average. 


follow deflationary policies, which would 
widen the country’s current account deficit 
further and be most harmful to its foreign 
trade. 

Both R,/GNP, and R,/R had a negative 
correlation with the D;/R; ratio, which in- 
dicates that a country whose reserves are 
large relative to its GNP or to the total 
amount of reserves outside the United 
States becomes more cautious in its re- 
serve policies and adopts a higher D,/R; 
ratio than countries with relatively low re- 
serves. However, if a country is very large 
or very wealthy, it will, ceteris paribus, 
adopt a higher D;/R; ratio than a small or 
poor country, as indicated by the positive 
correlation of GNP; and GNP; per capita 


with the D,/R; ratio.” Thus, in this sam- 
ple, the wealthy countries have adopted a 
higher D,/R; ratio than the poorer coun- 
tries, because to the wealthy countries 
even large devaluation losses may be less 
harmful than a disruption of international 
trade and capital movements. The greater 
income preferences of poor countries did 
not play a role in this group of developed 
and semideveloped countries. 


Analysis of the Residuals 
1. The Dollar Crisis in 1960. Although 
the gold holdings of the 11 major countries 
u The correlation which might be expected between 


GNP; per capita on the one hand and R/GNP; and 
R/R on the other is below 35 per cent. 
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together increased by $470 million, only 
France, Italy, and Spain have increased 
their gold stocks at the expense of their 
foreign exchange holdings, and only for 
Spain was the actual D,/R, ratio signifi- 
cantly below the computed value at the 
0.05 level of significance (Table 3). In all 
other countries, there seem to have been 
no drastic changes in portfolio during the 
fourth quarter of 1960. Thus, despite the 
large acquisitions of gold, the major cen- 
tral banks have not departed from their 
portfolio policies, but neither have they 
helped the United States to meet the 
strong private demand for gold.” 

2. Strong Demand for Gold in 1965. Al- 
though gold production continued to rise 
and Soviet sales amounted to a record 
$550 million, the world monetary gold 
stock increased by only $245 million or 
less than 0.5 per cent. This was the small- 
est increase since 1952. More than $1.7 
billion went into private hoards and con- 
sumption, about 70 per cent more than 
was absorbed in 1960, the year of the dol- 
lar crisis. However, in contrast to 1960, 
central banks seem to have participated in 
a general shift towards gold in 1965. 

The major reasons for the strong de- 
mand for gold by individuals and central 
banks was the fear of the devaluation of 
the pound and the possible effect it might 
have on the dollar. Some central banks 
may also have expected further drawings 
by the Bank of England under the credit 
arrangements and may have reduced 
their foreign exchange holdings to prevent 
excess accumulation of foreign currencies 
in the future. The escalation of the Viet- 
nam war during the latter half of 1965 

may also have created additional uncer- 
tainty. 

a P, B. Kenen, [5, p. 64] reached a slightly different 
conclusion, as he detected some cooperation with the 
United States during the dollar crisis of 1960. 

u The interdependence between the two reserve cur- 
rencies with special emphasis on the effects of the ster- 


ling crisis on the willingness of other countries to ac- 
cumulate dollars has been discussed in my article [1]. 


` 


For the first time since the war, U.S. 
short-term liabilities to official institutions 
declined in a deficit year. While in 1960 
the accumulation of gold in these 11 coun- 
tries was accompanied by a large increase 
in foreign exchange holdings, the substan- 
tial acquisition of gold in 1965 coincided 
with an even larger decline in foreign ex- 
change holdings.“ This substitution took 
place in 10 out of 11 countries and 
amounted to roughly $2.4 billion (Table 
3). Japan was the only country that in- 
creased its foreign exchange holdings, but 
still reduced its D;/R; ratio. 

Comparison of the actual with the com- 
puted D,/R; ratios for all quarters of 1965 
shows that in 39 out of the 52 quarters 
actual D;/R; ratios were below the ex- 
pected values. Although the deviation was 
significant at the 0.05 level in only one in- 
stance, and no radical departure from pre- 
vious portfolio policies is yet indicated, a 
more. cautious attitude prevailed among 
the major central banks in 1965. They 
seem to be increasingly reluctant to add 
to their unconditional holdings of foreign 
exchange, even though they might still be 
willing or be forced by political pressures 
to accumulate additional foreign exchange 
temporarily or to extend credits to other 
countries in time of crisis. 

3. Extrapolation of the Time Series to 
1966. All our regressions are based on data 
that include the last quarter of 1965. Since 
computations were made, all data for 1966 
have become available so that we were 
able to test the validity of our equations 
in explaining reserve policies of central 
banks in 1966. 

Deviations are generally small and, with 
three exceptions (Switzerland, Spain, 
France), not significant at the 0.05 level 
(Table 3). Swiss foreign exchange holdings 
for the second and fourth quarters are sig- 

4 The objection may be raised that the decline in 
foreign exchange holdings was primarily due to the re- 
payment of credits by Great Britain. However, the 


decline of sterling liabilities to all of Western Europe 
was less than $100 million in 1965. 
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TABLE 4— RESIDUAL ANALYSIS OF THE CROSS-SECTIONAL REGRESSIONS FOR 1964 


(Per CENT) 












Equation (1a) Equation (2a) 


AN IN Standard 
D:/Ri D;/Ri—D:/R; Tex ne 


Actual | Computed Residual (a) Estimate 








TaN aN 
Di/Ri Dif Ri~ DR: pangs 


Computed Residual (a) Estimate 








Austria 49.0 46.0 2.9 42.3 6.7 
Belgium-Luxembourg 24.6 34.4 —9.7 —x 36.3 —11.6 -x 
Denmark 80.5 77.3 3.2 +x 73.8 6.7 
Finland 74.0 74.8 —0.8 11.3 2.7 
France 24.0 39.9 —15.8 -Xx 38.3 —14.3 ~x 
Germany 34.5 23.8 10.8 +x 37.0 —2.5 
Italy 41.1 33.9 7.2 48.2 —7.1 
Netherlands 16.9 26.1 —9.3 -x 20.9 —4.0 
Norway 85.5 81.7 3.8- 86.8 —1.3 
Spain 52.1 50.6 1.5 58.3 ~6.1 
Sweden 71.4 67.3 4.0 51.8 19.6 -x 
Switzerland 12.7 11.1 1.7 6.9 5.9 
Canada 57.6 58.9 -1.3 60.9 —3.3 
Argentina 53.6 47.9 5.7 46.2 7.4 
Brazil 75.0 84.2 —9.2 —x 86.2 —11.2 -x 
Mexico 63.3 65.3 —1.9 61.9 1.4 
Venezuela 47.3 43.7 3.6 44.3 2.9 
Japan 74.4 70.5 3.6 65.9 8.1 





x= Deviation significant at 0.32. 
xx= Deviation significant at 0.05. 
(a) = Discrepancies due to rounding. 


nificantly larger than expected, possibly 
because of swap arrangements in connec- 
tion with the support of the pound. Devi- 
ations for the third and fourth quarters in 
France are in different directions for the 
two equations. In eq. (1) the increase in 
the I.M.F. credit tranche has pushed the 
estimated D,/R, ratio below zero, indicat- 
ing that France would hold foreign ex- 
change only for transactions purposes. Ac- 
cording to eq. (2), the French D,/R, ratio 
should still have been around 20 per cent. 

In conclusion, we can say that the esti- 
mated ‘portfolio selection curves” of these 
countries have remained stable and con- 
tinued to explain their reserve policies in 
1966. 

4. Residual Analysis of the Cross-Section 
Regressions, The residual analysis of the 
cross-section regression for 1964 shows 
that, in the two equations, positive devia- 






tions of more than the standard error were 
registered for Denmark, Germany, Nor- 
way, and Sweden and negative deviations 
for Belgium and France. Only in France 
was the deviation in the first equation sig- 
nificant at the 0.05 level (Table 4). By 
excluding France, the standard error 
could be reduced considerably and a better 
fit could be achieved for both equations 
(Table 2, eq. (1b) (2b)). 

The extent to which the French reserve - 
policy differs from the policies in other 
developed countries becomes even more 
apparent if we compute the French D,/R; 
ratio on the basis of the cross-section re- 
gressions for the remaining 17 countries. 
Judging from the behavior of other coun- 
tries, one would expect France to hold 
about half of her reserves in foreign ex- 
change. However, in view of the strained 
relationship France has with the United 
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States, it should not be too surprising if 
noneconomic considerations have played a 
considerable role in determining her re- 
serve policies. 


IHI. Implications of our Analysis for 
U.S. Balance of Payments Policies 

Before we draw any policy conclusions 
on the basis of our analysis, we wish to 
emphasize the limitations of this procedure. 
We realize that past reserve policies may 
be revised drastically in the face of 
changed circumstances. Our equations are 
based on data from a period when the 


breakdown of the entire international. 


monetary system was a remote possibility. 
Now, as this danger is growing, central 
banks may depart from past policies. Some 
may increase their D,/R; ratios to help 
forestall such a crisis, others may reduce 
their D,/R; ratios below the level we 
would expect from our equations to reduce 
the risk of suffering large capital losses. It 
is with these reservations in mind that we 
have drawn the following conclusions from 
our equations. 


The Result of Continuing the U.S. Balance 
of Payments Deficit 

The ability of the United States to 
finance balance of payments deficits de- 
pends on three crucial factors: (a) the size 
of the monetary gold stock; (b) the will- 
ingness of central banks to accumulate 
dollars as international reserves vis-a-vis 
gold; and (c) the relative distribution of 
international reserves among countries 
outside the United States. 

While the monetary gold stock has 
started to decline and reserves are shifting 
to European countries, whose reserves 

_ have a relatively high gold content, the 
ability of the United States to finance fur- 
ther deficits will depend even more on 
the willingness of central banks to accu- 
mulate dollars. 

The dynamic nature of the reserve 


policies of central banks and their de- 
pendence on the U.S. liquidity ratio, 
G./D, implies great uncertainty regarding 
changes in the U.S. gold stock. As we have 
seen, the impact of a U.S. balance of pay- 
ments deficit on the U.S. gold stock is 
not felt immediately. Central banks only ` 
gradually adjust the composition of their 
reserves and convert dollars into gold. 
This leads to a further reduction in the 
liquidity ratio and thus to another round 
of adjustments. 

If we assume that the U.S. incurs a cu- 
mulative balance of payments deficit (de- 
fined as —AG4-+-AD) of $5 billion over the 
period 1966-1969, which is approximately 
equal to the deficit she ran over the pre- 
vious four years, what will be the gold 
outflow from the U.S. after all adjust- 
ments have taken place? In order to 
assess the magnitude of the gold drain, 
we will make the following assumptions: 
(a) All foreign exchange holdings of the 
11 major countries are in dollars; (b) The 
relative distribution of reserves among 
these 11 countries remains the same as at 
the end of 1965; (c) The total amount and 
the composition of reserves of all countries 
other than the 11 countries remain 
at their 1965 level; and (d) The mone- 
tary gold stock and all variables other 
than Gu, D, D;, R: remain at their 1965 
level. 

Now we are able to derive the aggregate 
“portfolio selection curve” for the 11 
major countries from Table 1: 


u 
(3) D*/R* = $, (D/R]-We 
iml 
where W; = R;/R*; D:> 0; R: > 0 
Since in equilibrium A R,;=0, (D;/Ri) tl 


% A U.S. balance of payments deficit is defined here 
as the decrease in the U.S. gold stock plus the increase 
in U.S. short-term liabilities to official institutions. Ac- 
cording to this definition, the cumulative deficit of the 
United States during 1962-1965 was equal to $4.8 
billion. 
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= (D:/Rà ty DF = 0, and F172, the 
equilibrium form of equation (3) for the 11 
countries becomes: 


(4) D*/R* = 0.3796 + 0.1114(G4/ D) 
+ 0.2757-10-*SA 
— 0.3670-10-4SL 
+ 0.0316-10-4(LA — LL) 
-+ 0.0076r + 0.0778 
-10-4BLgog. + 0.1879 
*10-*BLean, — 3.2515 
-10-“CT rr. 

If X is the gold outflow after 1965 and 
BD is the U.S. balance of payments 
deficit, reserves of the 11 countries will in- 
crease by BD and official dollar holdings by 


BD minus X. The equilibrium equation 
thus becomes: 


$ D + BD- X 
Rt, + BD 
Gas — X 
= 0.3796 + 0.1114 —— 52 
Dag de BD ao 


+ 0.2757-10-4SA 
— 0.3670-10-4SZ + 0.0316 
-10-“(LA — LL) + 0.0076r 
+ 0.0778 -10-*BLaete. 
+ 0.1879- 10~tBLcan. 
— 3.2515:10°CT m. 
D:> 0 for all 11 countries 
Solving for X, we get 
X = $5,520 million 
Tf central banks followed portfolio pol- 
icies according to the estimated equations, 
a U.S. deficit of $5 billion would lead, after 
all adjustments, to a gold outflow from the 
United States of $5.5 billion under the 
above assumptions, reducing the U.S. gold 


stock to about $8.5 billion. 
Thus it will become even more critical 


for the U.S. to correct her external im- 
balance, as past deficits will continue to 
cause gold outflows, and future deficits are 
likely to result in gold outflows even larger 
than the deficits. 


The Effect of U.S. Balance of Payments 
Measures on the Reserve Policies of Central 
Banks and Their Repercussions on the U.S. 
Gold Stock 


Although the advantages and disad- 
vantages of various balance of payments 
measures have been widely discussed, men- 
tion is generally not made of the effect 
these measures have on the willingness of 
other countries to accumulate dollars as 
international reserves.!® Decisions to 
change the composition of international 
reserves can have a serious impact on the 
U.S. gold stock, outweighing the beneficial 
effect the balance of payments measures 
may have had. 

From equation (4), we can derive the 
marginal effects on the U.S. gold stock for 
a change in any. of the variables that may 
be affected by U.S. balance of payments 
policies under the assumptions made 
above. Differentiating Ga with respect to 
these variables and substituting the equi- 
librium values for 1965, G¥,,= $13,934 mil- 
lion and D£=$12,906 million, we obtain 
the change in the U.S. gold stock (after all 
adjustments) resulting from a change in 
any of those variables at the end of 1965: 








Ga 
= 0.9429; 
A 
aG 
É = — 1.2551; 
aSL 
aG 
se asa ORT: 
a(LA — LL) 
aGa 


~—— = $260 million 
or 


4% Devaluation is the only balance of payments mea- 
sure where this effect is considered. 
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The marginal effects of SA and SL on 
G4 .are surprisingly high, but a large part 
of this effect is due to the adjustments and 
will not .be felt.immediately. If, for ex- 
ample, the U.S. repatriated short-term 
assets, the decrease in short-term assets 
would induce some central banks to con- 
vert dollars into gold. The resulting reduc- 
tion in the G,/D ratio will in turn induce 
other central banks to adjust their port- 
folios. After all these adjustments and the 
adjustments caused by the autoregressive 
terms, the repatriation of€$1 billion of 
short-term assets would finally cause a 
gold outflow of about $0.9 billion. The 
marginal effect of a change in short-term 
liabilities on the U.S. gold stock is even 
larger. 

Though these figures must be taken 
with extreme caution, they indicate that 
an improvement in the balance of pay- 
ments attained by repatriating short-term 
assets or by increasing short-term liabil- 
ities may not stop the drain on the U.S. 
gold stock. In assessing the risks involved 
in accumulating dollars as international 
reserves, central bankers seem to be very 
sensitive to any deterioration in the U.S. 
short-term foreign investment position 
(official and private), whatever kinds of 
short-term assets or liabilities may be af- 
fected. On the other hand, the long-term 
investment position of the United States 
has comparatively little effect on the will- 
ingness of central banks to hold dollars. 
Therefore, restrictions on long-term capi- 
tal movements are likely to be more suc- 
cessful in reducing the drain on the U.S. 
gold stock than restrictions on short-term 
capital flows. But as the cross-section re- 
gressions show, it depends on the type of 
capital movement affected. A cut in for- 
eign aid or pressures to prepay debts will 
tend to reduce the D,/R; ratios, while the 
curtailment of direct investmentTin¥the 
developed countries may not only lead to 
an improvement in the balance: of pay- 


‘ments, but might also induce the devel- 


oped countries to hold more dollars. From 
this point of view, the Interest Equaliza- 
tion Tax was probably much less beneficial 
than the limitation of direct investments. 
Balance of payments measures affect 
different countries in different ways. It is 
therefore important for the United States 
to consider not only the probability of 
retaliatory measures, but also the effect of 
these measures on the relative distribution 
of international reserves. U.S. balance of 
payments measures will be more successful 
if they are directed against countries whose 
reserves have a low dollar content. From 
this point of view, the discrimination 
against Western Europe in the Interest 
Equalization Tax and the restrictions on 
capital flows were probably beneficial in 
reducing the drain on the U.S. gold stock. 


IV. Conclusions 


1. There is strong evidence that the re- 
serve policies of central banks are deter- 
mined to a large extent by economic fac- 


- tors, as the highly significant regression 


results show. 

—The U.S. short-term investment po- 
sition (official and private) is a very im- 
portant determinant of reserve policies, 
while the return on dollar holdings plays 
only a minor role. 

—Differences in reserve policies can 
largely be explained by a country’s posi- 
tion in the world economy and, in par- 
ticular, by its dependence on U.S. capital 
and trade. Only French reserve policies 
seem to have been influenced to a consid- 
erable degree by noneconomic factors. 

2. The regression results highlight the 
urgency for the United States to eliminate 
her balance of payments deficit, since cen- 
tral banks have become reluctant to add 
to their nonconditional holdings of dollars. 

—Past deficits will continue to cause 
gold outflows as a result of the dynamic 
nature of the adjustment process ‘to the 
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new equilibrium position in central banks’ 
portfolios. 

—Future U.S. deficits will have to be 
paid in gold rather than be financed by in- 
creased liabilities to official institutions. 
Our equations indicate that further defi- 
cits may even lead to a decline in for- 
eign exchange holdings of central banks. 
Thus, if the United States continues her 
deficits as in the past, it is not unlikely 
that the dollar will be devalued, although 
devaluation may be deferred by arranging 
international credits. 

3. U.S. balance of payments measures 
have a considerable effect on the reserve 
policies in other countries. Possible changes 
in the allocation of reserves have, in turn, 
a significant effect on the U.S. gold stock 
and must therefore be taken into account 
when balance of payments policies are for- 
mulated. 

—Balance of payments measures aimed 
at either repatriating short-term assets, 
increasing U.S. foreign liabilities, or re- 
stricting imports reduce the willingness of 
central banks to hold dollars. Thus, the 
drain on the U.S. gold stock may not be 
stopped, even if the U.S. balance of pay- 
ments improves. 

—Restrictions on U.S. long-term capital 
movements have comparatively little ef- 
fect on reserve policies of central banks 
and therefore may be more effective in re- 
ducing tbe drain on the U.S. gold stock. 

—Moreover, a cut in direct investment 
in the developed countries may not only 
improve the balance of payments, but 
may also reduce the apprehension of other 
countries at financing profitable U.S. di- 
rect investment in their own country by 
accumulating low-yielding dollars, thereby 
lessening the incentive to convert dollars 
into gold. 


—U.S. balance of payments measures 
will be more successful in reducing the 
gold drain, if they are aimed at countries 
that hold relatively few dollars as inter- 


national reserves. 
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More On An Empirical Definition 
of Money 


By Grorce G. KAUFMAN* 


There is considerable disagreement 
among economists on the appropriate 
definition of money. Definitions based on 
apparently reasonable but empirically un- 
substantiated hypotheses concerning the 
use of financial assets as media of exchange 
are neither precise nor universally ac- 
cepted. A number of attempts have been 
made in recent years to define money em- 
pirically. Of these, three techniques ap- 
pear most promising: (1) Definition by 
cross-elasticity of substitution of financial 
assets [1]; (2) Definition by discriminant 
analysis of time series characteristics [6]; 
and (3) Definition by ability to explain 
statistically aggregate nominal income 
[2]. Without evaluating the relative 
merits of these techniques, this paper 
presents additional evidence on the defini- 
tion of money that best explains aggregate 
nominal income. 

In their study for the Commission on 
Money and Credit, Milton Friedman and 
David Meiselman (F-M) used two cri- 
teria in selecting sets of financial assets 
to be included in the money supply: (1) 
the highest correlation of the sum of these 
assets with income and (2) higher correla- 
tion of the sum with income than of any 
of the components separately [2, p. 181]. 
The second criterion is included to ensure 
that an increase in correlation is attributed 
to the inclusion of a component in the 
money supply concept and not to the 
association between income and the partic- 
ular component alone.! 


* Senior economist, Federal Reserve Bank of Chicago. 
The author is indebted to Anne Marie Laporte for 
assistance in the computations and to an unknown ref- 
eree for compelling him to extract more intensively the 
information from the evidence. 
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F-M apply these dual criteria to three 
alternative definitions of money. They 
find that the set of assets, including cur- 
rency, demand deposits, and time deposits 
at commercial banks only, satisfies the 
criteria better than either a narrower con- 
cept, including only currency and demand 
deposits, or a broader concept, including 
also savings-type accounts at mutual 
savings banks, savings and loan associa- 
tions, and post offices [2, pp. 242-46 ].? The 
correlation for the narrower concept is con- 
sistently lower for the periods examined. 
The correlation for the broader concept 
is sometimes greater, but it is attributed 
to a still greater correlation between in- 
come and the additional savings-type ac- 
counts alone. 

The tests described here pertain to a 
larger number of money supply compo- 
nents than considered by F-M, including a 
separation of currency and demand de- 
posits. The tests also apply the F-M cri- 
teria to alternative money supply con- 
cepts observed before and after corre- 
sponding income observations as well as 
concurrently with income.’ The latter 





1 This procedure implicitly assumes some precon- 
ceived ordering of the components and does not repre- 
sent a “pure” empirical test. See Robert H. Strotz [7, 
pp. 306-10]. In a subsequent manuscript, Milton Fried- 
man details his ordering procedure more clearly [3]. lam 
indebted to Robert Laurent for initially calling my at- 
tention to this point. 

2 F-M assign each component equal weight in sum- 
ming. In contrast, John G. Gurley has proposed that the 
components be weighed by their degree of “moneyness” 
[4]. 

3 These tests also differ from those conducted by R. 
Timberlake, Jr. and J. Forston in another recent re- 
examination of the F-M analysis [8]. By considering the 
game components of the money supply as F-M but over 
differing observation periods, Timberlake and Forston 
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tests are conducted because a consider- 
able body of doctrine suggests that money 
is most closely related to income in periods 
other than the concurrent period.‘ 

All the data are seasonally adjusted 
quarterly first differences of logarithmic 
magnitudes. Income data are observations 
of nominal gross national product for the 
1953-66 post-accord period. Money supply 
components are those included in the 
Federal Reserve Board’s series on liquid 
assets and are observed for a slightly 
longer time period to maintain a fixed 
number of income observations in the lead- 
lag analysis. The period is also divided 
into two equal subperiods (1953-59 and 
1960-66) to permit examination of the 
stability of the estimates. 

The simple correlation coefficients be- 
tween income and each money component 
are shown in Table 1 and plotted in Figure 
1 for observations of money from four 
` quarters before the accompanying income 
observation through two quarters after. 
Marked differences among the correlation 
coefficients and among the correlation 
time patterns are readily discernible. Cur- 
rency is correlated best with income in con- 
current and earlier periods, and the cor- 
relation declines sharply as currency is 
observed before income. On the other 
hand, the correlation between demand de- 
posits and income is highest when deposits 
precede income by a quarter and the cor- 
relation declines slowly on either side of 


conclude that little is gained by including time deposits 
at commercial banks in the definition of money. 

4 Although the chief proponents of a theory relating 
money to income in succeeding periods, F-M test for the 
definition of money using only concurrent observations. 
The highest correlation definition is then correlated with 
income in subsequent periods to estimate the lags. 

* Data for money supply components are averages of 
figures for the last Wednesday of the three months in the 
quarter and the preceding month. These data for cur- 
rency, demand deposits, and time deposits differ slightly 
from the corresponding daily average data which are 
unavailable for the other money supply components 
considered. 


the peak. Time deposits at commercial 
banks also tend to be most closely cor- 
related with income in later periods. The 
highest correlations are obtained when 
time deposits precede income by two to 
four quarters. The correlation turns neg- 
ative when time deposits are related to 
concurrent or earlier income observations.’ 

Deposits at mutual savings banks show 
approximately the same pattern as com- 
mercial bank time deposits, although the 
correlations are both lower and less stable. 
The correlation between savings and loan 
share capital and income tends to be small 
for almost all observations and frequently | 
is negative. Similar to bank deposits, 
holdings of U.S. savings bonds are most 
highly correlated with income in later 
periods and only weakly correlated with 
income in earlier periods. The relation- 
ship between private nonbank holdings of 
marketable short-term Treasury securities 
and income differs from the patterns of 
the other financial assets and is noticeably 
more unstable. The pattern for the first 
subperiod shows these securities to be 
negatively correlated with income when 
income observations lag and positively re- 
lated when income observations are con- 
current or leading. The pattern for the 
1960-66 subperiod indicates positive cor- 


_ relations except when income is observed 


three or more quarters later. The last 
panel in Figure 1 shows the correlation 
coefficients when time deposits at com- 
mercial banks, deposits at mutual savings 
banks, and share capital at savings and 
loan associations are combined to form a 
total depository savings concept. The cor- 
relation pattern of this series closely re- 


$ Although not shown, the coefficients also decline 
when time deposits at commercial banks are correlated 
with income five or more quarters later. Interestingly 
enough, the introduction and rapid growth of nego- 
tiable CDs in the second subperiod do not appear to 
have altered the correlation pattern greatly although, 
unlike other forms of time deposits, few of these de- 
posits are owned by individuals. 
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TABLE 1—SMPLE CORRELATION COEFFICIENTS BETWEEN A GNP anD A Money SUPPLY 
COMPONENTS IN PRECEDING, SYNCHRONOUS, AND LATER PERIODS 








Quarters Money Component Leads GNP 


+4 +3 +2 +1 0 =1 —2 

A. 1953-66 
C —.01 —.05 .05 .20 39 41 42 
DD — 01 24 40 49 44 19 —.01 
TDg 36 35 32 20 —.09 -—.24 —.17 
MSB 14 25 21 17 10 —.08 —.09 
SC —.19 —.19 —.18 —.17 —.21 —.24  —.31 
SB 23 32 39 38 25 13 04 
US —.31 —.46 —.39 —.23 AS 42 50 
SAV 34 35 .30 16 —.14 —.32  —.28 

B. 1953-59 
Cc — .43 —.58 —.36 —.06 36 55 46 
DD —.24 -03 «33 68 64 24 —,14 
TDs 19 17 17 03 ~.38 —.58 —.49 
MSB ~.14 —.0 19 .10 06 —.22 —.26 
SC —.05  —.07 .03 .07 .05 —.02 —.10 
SB "= .08 07 .24 .30 .22 .01 —.16 
US —.22 —.62 —.63 —.4l .08 51 67 
SAV 18 19 24 10 —.32 —.58 —.52 

C. 1960-66 
C 35 35 .30 34 42 29 41 
DD 32 57 58 37 .20 07 .06 
TDs 53 52 43 27 02 —.19 —,16 
MSB 53 64 36 33 15 .01 —.00 
SC —.16 —.133 —.22 —.2 —.35 -~.34 —.43 
SB .61 -62 55 41 09 = =—.01 —.07 
US —.55 —.17 .21 48 58 36 13 


SAV 53 93 34 447 —.110 —.27 —.30 


KEY To FIGURES AND TABLES 


Cm Currency outside banks 
DD = Demand deposits at commercial banks 
TDg=Time deposits at commercial banks 
MSB = Deposits at mutual savings banks 
SC= Share capital at savings and loan associations 
SB=U.S. government savings bonds plus deposits in postal savings system 
US = Private nonbank holdings of U.S. government marketable securities maturing 
within one year 
GNP = Gross national product in current dollars 
SAV =(TDg+MSB+SC) 
My=(DD+C) 
M= 078 ıt TDp) 
Mi (M:+MSB+SC) 
Mim (M34 SB) 
My=(M.4- US) 
n= Number of quarters money leads GNP (negative values denote lags) 


Note: The minimum significant r at the .05 level for the entire 1953-66 period is .25; 
for the subperiods the minimum significant 7 is .33. 


_sembles that of commercial bank time de- related to income in concurrent and 
posits alone, being highest when income is earlier periods. 
observed in later periods and inversely The individual components are progres- 
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+h +3 +2 +1 0 -l 





FIGURE 1—SIMPLE CORRELATION COEFFICIENTS BETWEEN A GNP AND A MONEY SUPPLY COMPONENTS 


sively aggregated according to the order- 
ing in Table 1 to form the more common 
alternative definitions of money. These 
definitions are correlated with income in 
the same, earlier, and later periods. The 
resulting correlation coefficients are shown 
in Table 2 and plotted in Figure 2. The 
correlation patterns are dominated by 
both demand and time deposits at com- 


mercial banks. For example, the pattern 
for the narrow definition of money—cur- 
rency and demand deposits—resembles 
that for demand deposits alone, although 
the average time span by which the con- 
cept leads income is slightly briefer. The 
addition of time deposits both increases 
the correlation coefficients and lengthens 
the peak correlation to between one and 
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TABLE 2—SWPLE CORRELATION COEFFICIENTS BETWEEN A GNP AND A ALTERNATIVE 
DEFINITIONS oF MONEY IN PRECEDING, SYNCHRONOUS, AND LATER PERIODS 


Quarters Money Definition Leads GNP 


+4 
C -.0l —. 
M,=DD+C —.01 
M= M, +T Dp 25 
M2t MSB 25 
My=M1+-MSB+SC -26 
M,=My+SB -28 
M=Mt+US -00 
Cc -48 — 
M,=DD+C —.33 — 
My=Mi+TDs — 13 
M:+MSB —.14 
Mı=M;+MSB+SC —.12 
M,=M,4+SB —.11 
M= Mt US —.34 = 
C .35 
Mi=DD+C .36* 
M:ı=M,+TDg .53 
M,+MSB 54" 
My=M1+MSB+SC 54 
M,=Mi+SB 56 
My=M+-US 13 


+3 


+2 +1 0 —i —2 
A. 1953-66 
05 05 .20 .39 41 42 
-20 37 .49 .49* 28 09 
.36* .44* .45 .30  .09 .03 
.37* 44 45 .30 .08  .02 
.38* 44 44 .27 .04 —.04 
.40* 46* 45.29 .09 —.00 
01 12 .25 .37 38 37 
B. 1953-59 
58 —.36 —.06 .36 .55 46 
11 .24 .65 .69%* .32 —.07 
06 .35* .57 .29 —.13 —.34 
06 .36* .56 .28 —.15 —.35 
09 41 61 .33 —.13 —.35 
12 45* 66 .37 —.10 —.34 
63 —.45 —.09 .32 AT AS 
C. 1960-66 


* Coefficient exceeds those of any of the respective definition’s components separately. 


two quarters preceding income. The sub- 
sequent addition of other savings-type de- 
posits or savings bonds neither greatly in- 
creases the correlation of the resulting 
money supply concepts nor greatly changes 
the correlation pattern. The inclusion of 
marketable short-term Treasury securities 
yields a money supply concept clearly in- 
ferior to most narrower concepts. 

This evidence suggests that satisfaction 
of the best-fit criterion—a necessary but 
not sufficient condition for the satisfaction 
of the dual F-M criteria—depends not 
only on the money supply components con- 
sidered but also on the range of time 
periods between corresponding observa- 
tions of money and income. F-M’s defini- 
tion of money (C+DD+TD,) meets this 
criterion better than the narrower defini- 
tion only for observations two or more 
quarters before income, although it is not 


necessarily superior to broader concepts 
even in these periods. The narrow defini- 
tion for money explains income better 
when observed one quarter before income 
through two quarters after income, al- 
though for lagging observations, currency 
alone is clearly superior. 

The effects on the correlation coefficient 
of including additional money supply com- 
ponents to form consecutively broader con- 
cepts of money are also clearly discernible 
from Figures 3 and 4. Figure 3 shows the 
correlation pattern for each lead-lag re- 
lationship as components are progressively 
added to currency. The failure of compo- 
nents beyond time deposits at commercial 
banks to increase the correlation coeff- 
cients greatly becomes more evident. The 
unique relationship of currency is also 
more evident. Currency contributes little 
explanatory power when money leads in- 
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+l 0 -1l -2 


FIGURE 2—SIMPLE CORRELATION COEFFICIENTS BETWEEN A GNP AND A ALTERNATIVE DEFINITIONS OF MONEY 


come and almost all the explanatory power 
when money is observed concurrently or 
after income. In Figure 4, currency is 
added last, rather than first. The correla- 
tions here are affected less by the progres- 
sive inclusion of additional components. 
For the entire period, tbe highest correla- 
tions are obtained when demand deposits 
alone are observed one quarter before in- 
come and when broader concepts are ob- 
served two quarters before income. These 
leads are -uniformly only one quarter in 
the 1953-59 subperiod and, except for de- 
mand deposits alone, three quarters in the 
1960—66 subperiod. 

Introduction of the second of the two 
F-M criteria—that the correlation of the 
particular money supply concept with 


income is greater than the correlation of 
any of the components alone—changes the 
“best” definition of money derived from 
satisfaction of only the highest correlation 
criterion. A survey of Tables 1 and 2 re- 
veals that only a limited number of defini- 
tions satisfy the second criterion. (Coef- 
ficients associated with definitions for 
which the income correlation exceeds that 
of any of its parts are marked with an 
asterisk in Table 2.) Concurrent observa- 
tions of the narrow definition of money 
supply best satisfy the dual criteria for the 
period as a whole. Second-best solutions 
are obtained for a number of broader 
definitions of money when observed two or 
three quarters before income. Of these, 
the highest correlations are obtained for 
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FIGURE 3--Smere CORRELATION COEFFICIENTS BETWEEN A GNP AND A PROGRESSIVELY BROADER CONCEPTS OF 
Money (Currency SrecræD First) 


definitions that include, in addition to cur- 
rency and demand deposits, time deposits 
at commercial banks and those that also 
include all depository savings plus savings 
bonds. i 

These findings do not differ greatly for 
the two subperiods. Concurrent observa- 
tions of the narrow definition of money 


satisfy the dual criteria best in the 1953- 
59 subperiod. However, this definition per- 
forms less well in the 1960-66 subperiod. 
In that period, concepts including a 
broader spectrum of financial assets yield 
the highest correlations. In addition, the 
time span by which the best-fit money 
observations precede income observations 
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FIGURE 4—Snere CORRELATION COEFFICIENTS BETWEEN A GNP AND A PROGRESSIVELY BROADER CONCEPTS OF 
Money (CURRENCY Sprcirrep LAST) 


is longer in this period. Observations of the 
highest-correlation money concepts lead 
income by three quarters and observations 
of narrow money, by one quarter. 
Although the narrow definition of money 
supply yields the best overall result, this 
definition satisfies both criteria less often 
than alternative concepts when the lead- 
lag relationships are considered individ- 


ually. For the entire 1953-66 period, the 
narrow definition yields the best results 
only for concurrent observations and fails 
to satisfy the criteria for any other time 
relationships. The definition encompassing 
all depository savings and savings bonds 
in addition to currency and demand de- 
posits performs best when money supply is 
observed either two or three quarters 
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before income. In the 1953-59 subperiod, 
narrow money again satisfies the criteria 
for concurrent observations and a broader 
concept for observations preceding in- 
come by two quarters. In the 1960-66 
subperiod, the narrow definition fails to 
satisfy the criteria in any of the lead-lag 
observation periods, while broader con- 
cepts satisfy the criteria in each of the 
periods for which their observations pre- 
cede those of income. Nevertheless, no 
single concept consistently satisfies both 
criteria. At times when a number of defi- 
nitions satisfy the second criterion, the 
broadest concept generally satisfies both 
criteria best even though the explanatory 
power of the definitions is increased only 
slightly by the inclusion of the additional 
financial assets. Thus, although the F-M 
definition satisfies the second criterion 
more often than any of the other concepts, 
it never satisfies both. At no time do any 
definitions satisfy the F-M dual criteria 
when they are observed after the corre- 
sponding income observation. 
Conclusions 

The evidence developed in this study 
indicates that defining money according 
to the dual criteria established by F-M 
involves not only tests of alternative 
groupings of financial assets but also tests 
of alternative definitions over a number 
of lead-lag relationships with respect to 
income. Different components show dif- 
ferent correlations as they are associated 
with income in preceding, concurrent, and 
later periods. A definition that includes 
demand and time deposits at commercial 
banks appears best at explaining income 
two or more quarters later. Demand de- 
posits and currency are best at explaining 
income observed concurrently and one 
quarter later. Currency alone is the money 
supply concept most highly correlated 
with income in earlier periods. Thus, the 
broader the concept of money, the later 


are the corresponding income periods 
yielding the highest correlations.’ 

Because the observed correlations may 
be attributable to the correlation of income 
with a particular component of the aggre- 
gation specified rather than with the aggre- 
gation itself, F-M apply the additional 
criterion that the income correlation of the 
sum exceed the correlation of each com- 
ponent. Only a limited number of defini- 
tions satisfy this requirement. Overall, the 
narrow definition of money observed con- 
currently with income satisfies the dual 
criteria best. Broader concepts including 
some or all of the other financial assets 
satisfy the criteria more frequently when 
the alternative time relationships between 
observations of money and income are 
considered individually. However, no one 
definition satisfies the criteria consistently. 
Although the F-M definition including cur- 
rency and all commercial bank deposits 
satisfies the second criterion most fre- 
quently, it never satisfies both. No defini- 
tion broader than currency satisfies the 
criteria when observed after income. 

Among other things, this evidence casts 
doubt on the conventional wisdom of auto- 
matically including both currency and de- 
mand deposits in any definition of money 
supply. Currency is more closely related to 
income in earlier periods, while all other 
components of money supply are more 
closely related to income in later periods.® 


1 These findings are not seriously altered by estimates 
for the earlier pre-accord 1948-52 period. Indeed, the 
correlation patterns are surprisingly stable, although 
the correlation values tend to be lower on the whole. Of 
the components, demand deposits are most highly cor- 
related with income, particularly when the two series are 
observed concurrently. Currency again is most highly 
correlated with income one quarter earlier. The various. 
savings-type funds are most highly correlated with in- 
come substantially later, but the correlations are very 
low. 

® Differences in the demand functions for currency 
and demand deposits have been noted before. For ex- 
ample, see James Tobin [9], and George G. Kaufman [5]. 
Some observers have suggested that currency may bea 
closer substitute for time deposits than demand de- 
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The findings also indicate that although 
inclusion of savings-type deposits beyond 
time deposits at commercial banks satisfies 
the dual F-M criteria for the definition of 
money most frequently, it adds relatively 
little explanatory power to the definition 
of money. Lastly, the evidence is generally 
consistent with the conclusions of F-M 
that an important and relatively stable 
relationship exists between money and in- 
come in succeeding periods, although the 
precise characteristic of the relationship 
varies with the definition of money. Only 
when money is defined to include currency 
alone is support provided for a theory re- 
lating money to earlier observations of 
income. 
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Aggregate Production Functions and 
Types of Technical Progress: 
A Statistical Analysis 


By MARTIN J. BECKMANN AND Ryvzo SATO* 


_ The problem of estimating the rate and 
‘type of technical progress continues to be 
a major concern to economists. One of the 
difficulties encountered is that of accurate 
specification both of the aggregate produc- 
tion function and of the type of technical 
progress. There are different specifications 
of the production function and there are 
different assumptions regarding the way 
technological advance changes the produc- 
tion function. In recent work the type of 
production function most commonly ap- 
plied is the CES function. We refer 
specifically to the works of Arrow, et al. 
[1], David, et al. [3], Domar [5], Dhry- 
mes [6], Kendrick and Sato [8], and 
Jorgenson and Griliches [7]. With regard 
to technology, exogenous or endogenous 
forms may be assumed. In the exogenous 
case which we wish to examine in this 
paper, it has been customary for reasons 
of theoretical and technical convenience 
to assume “neutrality” usually in the 
sense of Hicks or Harrod. However, as we 
have shown in a theoretical paper on this 
subject, a number of other types of “neu- 


trality” are possible and plausible (Sato - 


and Beckmann [10]). By “neutrality” we 
mean the neutrality of the effects of tech- 
nical change, that is to say, relationships 
between certain economic variables are 
oo under technical change [10, p. 
57}. 

A further complication arises from the 

* The authors are both professors of economics at 
Brown University. They wish to acknowledge the assis- 
tance of Diplomvolkswirt Lothar Weinert in performing 


the regressions, This work was in part supported by the 
National Science Foundation. 7 
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fact that these problems of specification 
of the form of a production function and 
the form of technical progress are not 
independent, for some forms of .a produc- 
tion function necessarily preclude some 
types of technical progress. For other 
types of production functions certain dis- 
tinctions do not arise. Consider, for ex- 
ample, the case of a production function 
of the Cobb-Douglas type. Technological 
change can shift the production function 
in any of a variety of ways, including 
changing the coefficients of labor and 
capital. But if technical change is not to 
change these coefficients, the change 
must “enter multiplicatively” and thus be 
either Hicks-neutral or Harrod-neutral (or 
their combination-factor-augmenting tech- 
nical progress), but there is no way of dis- 
tinguishing the two types. In other cases 
shown below, the choice of a specific form 
of a production function necessarily ex- 
cludes certain types of technical progress. 
But the main point is that, in picking the 
type of technical progress, there is no rea- 
son to concentrate solely on the standard 
(Hicks and Harrod) forms of neutral 
technical progress. There are many other 
meaningful types of “neutral” technical 
progress. 

In our article [10] already referred to 
we have systematically studied the prob- 
lems mentioned above from a theoretical 
point of view. The paper discusses the 
close connection between the form of a 
production function in general and the 
type of technical progress of exogenous 
type, that would be consistent with a 
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given form of a production function. It is 
also shown that various new types of 
“neutral” technical progress can be mean- 
ingfully determined and that the standard 
definitions of Hicks and Harrod are re- 
classified in a more general framework. 

The present paper examines some of 
these results by presenting statistical 
evidence on the forms of production func- 
tions and on:the types of technical prog- 
tess. The model is applied to three coun- 
tries, the United States, Japan, and Ger- 
many. 

I. The Model 


The following standard notation will 
be used: 
Y=output 
K= capital 
L=labor 
y= Y/K=output-capital ratio 
x= L/K=labor-capital ratio 
s= Y/L=y/x=output-labor ratio 
k= K/L=1/x=capital-labor ratio 
r=return to capital 
w= wage rate 
R=r/w=marginal rate of substitution 
a=r/y=capital’s relative share of in- 
come 
B=1—a=w/s=labor’s relative share 
of income 
t=time, also used as the index of 
exogenous technical progress. 


Our general assumptions are as follows: 
(1) A production function of Y is homoge- 
neous of degree one in the two-factor in- 
puts, capital K and labor L; (2) the factor 
as well as commodity markets are both 
perfectly competitive in the long run and, 
hence, the factors are paid according to 
their marginal productivities; and (3) 
technical progress is purely exogenous, i.e., 
technical change enters in a production 
function simply in the form of time #. 

We define a production function as: 


(1) ¥() = F[K(, LO, tl 


or alternatively, 


O  y=R(4, t) =s) 


and 


K 
(3) z= r(Ż, 1) = olk, i). 

L 
The marginal productivities of capital and 
labor are equal to their respective prices 
and hence 


ðE 
(4) Ar ee 
oF f 
(5) to 8 le 


We assume that the production function is 
continuous, and that the marginal pro- 
ductivities of both factors are positive, 
but that their ratio (the marginal rate of 
substitution) is diminishing: 


(6) fa>O dy > 0 
(7) Ja <0 dur < 0. 


In the production function (equation 
(1)), we introduced # as an index of the 
state of technology. However, in this form, 
the role of technology is much too general 
to permit a thoroughgoing analysis. It is 
essential to specify the way in which 
technology enters the production func- 
tion. The usual procedure has been to 
formulate certain hypotheses concerning 
the way in which technical progress has 
affected relationships between certain im- 
portant variables that are derived from 
the production function. These variables 
include: (1) the capital-output ratio; (2) 
the output per man; (3) the factor pro- 
portions; (4) the marginal productivities; 
and (5) the marginal rate of substitution. 
Thus, one might postulate that technical 
progress has affected any one of these 
characteristics in a predetermined way; 
for instance, that it has left a certain 
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variable invariant. However, since these 
variables will depend not only on tech- 
nology but also on input proportions, it is 
necessary to neutralize the effect of any 
changes in inputs. This is the reason for 
. considering not how variables, but how 
relationships between variables are af- 
fected by technical change. In particular 
if relationships are postulated to be in- 
variant under technical change, one ob- 
tains the famous criteria of technical 
neutrality. Technical progress is Hicks- 
neutral when the relationship between the 
marginal rate of substitution and the 
factor proportion is unchanged. By con- 
trast technical change is called Harrod- 
neutral when the relationship between the 
capital-output ratio and the interest rate 
does not change, and Solow-neutral, when 
the relationship between output per worker 
and the wage rate is invariant. In the no- 
tation above Hicks-neutrality means 


(8): R = R(x) 


whereas with general technical progress 
we would have 


R = R(x, 2). 


It is easy to show that (8) can be inte- 
grated to yield 


Y = A()F(K, L) 


where Hicks-neutral technical progress is 
seen to be product augmenting. In the 
same way we can derive the production 
functions which express Harrod-neutrality 
or Solow-neutrality. 

We have generalized this concept of 
technical neutrality by formulating and 
extending this principle of invariance to 
all other relationships between variables: 
a technical progress is neutral in some 
sense when the relationship in which a 
certain economic variable stands to some 
other variable remains unchanged through 
time, that is, through technical progress 
(Sato and Beckmann [10]). 


This principle not only yields a number 
of interesting new types of technical 
change, but suggests a more effective way 
of estimating production functions and 
technical progress: by estimating this re- 
lationship (usually a differential equation) 
rather than the production function in 
integrated form which would involve the 
technical progress term as a constant of 
integration. Of course, in making such 
estimates, it is necessary to specify the 
form of the relationships involved. We 
have followed the usual procedure of as- 
suming linear and log linear relationships. 
(Other forms are not ruled out but would 
require special argument.) We examine 
relationships between the following seven 
variables: output/capital ratio; output/ 
labor ratio; labor/capital ratio; interest 
rate; wage rate; marginal rate of substitu- 
tion; and labor’s share. 

Readers of our earlier paper will note 
that we have dropped the elasticity of fac- 
tor substitution from our list, even though 
it yields some of the most intriguing types 
of production function and of technical 
progress. The reason is that the approxima- 
tions used to measure this elasticity from 
available data are too crude to allow mean- 
ingful estimates. A large percentage of 
the empirical elasticities of factor sub- 
stitution did, in fact, turn out negative. 
(The presence of these errors is, in part, 
explained by the “impossibility theorem” 
of Diamond and McFadden [4].) How- 
ever, there is an alternative way of intro- 
ducing factor-augmenting technical prog- 
ress—the piéce de résistance among types 
of progress that can be defined with the 
aid of the elasticity of factor substitu- 
tion—e.g., by letting the interest rate be a 
log linear function of both the capital- 
output ratio and of time. In fact, there are 
severa] other similar ways. 

There are 7-6/2=21 relationships that 
are possible between pairs of variables 
between which one can assume invariant 
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relationships. Among these, time invariant 
relationships between the capital-output 
ratio, the capital-labor ratio, and the 
output-labor ratio do not allow any tech- 
nical change at all. Similarly an invariant 
relationship between pairs from the in- 
terest rate, the wage rate, and the marginal 
rate of substitution is inconsistent with 
technical change [10, p. 64]. Hicks-, 
Harrod-, and Solow-neutrality can each be 
generated in three different ways. For 
instance in the case of Harrod-neutrality, 
if the relationship between the interest rate 
and the capital-output ratio is invariant 
under technical change (Table 1, col. 1, 
row 1), this happens to imply that the 
relationship between labor’s share and the 
output-capital ratio is also invariant 
(Table 1, col. 1, row 4), and that the 
relationship between labor’s share and the 
interest rate is invariant (Table 1, col. 4, 
row 4).! 

The types of technical progress that are 
thus generated fall into the following four 
classes: 


1. Product augmenting 
1.1 Hicks neutrality 
Y = A()F(K, L) 


where Y=output, K=capital, L=labor, 
and A(#)=technical progress term (Cases 
1 Let the interest rate be an invariant function of the 
output-capital ratio. In the notation above 
y — xy = (y), where ¢ denotes the invariant 


relationship. 
Rearranging terms 
Z ITO yy say 
y y 


This says that labor’s share is an invariant function of 
the output-capital ratio. 

Eliminating between the above two relations we ob- 
tain 


Satya) 


i.e., the relationship between the share and the interest 
rate is invariant. 


3-6, 3-7, 6-7). Here product is increased 
in proportion to the output that would be 
obtained in the absence of technical 
change. 
1.2 Labor additive 
Y = AW®L + F(K, L) 


The increase in product is here propor- 
tional to the amount of labor used (Case 
3-4). 
1.3 Capital additive 
Y = A()K + F(K, L) 
The increase in product is proportional to 
the amount of capital used (Case 3-5). 
2. Labor augmenting 
2.1 Harrod neutrality (Cases 1-4, 1-7, 
4-7) 
Y = F(K, AL) 
2.2 Labor combining 
Y = F(K, A()K + L) 
The augmentation of labor—as measured 
in efficiency units—is proportional to the 
amount of capital used (Case 1-5). 
3. Capital augmenting 
3.1 Solow neutrality (Cases 2-5, 2-7, 
5-7) 
Y = F(AK, L) 
3.2 Capital combining 
Y = F(K + A(ÒL, L) 
The augmentation of capital is propor- 
tional to the amount of labor used (Case 
2-4). 
4. Input decreasing? 


4.1 Labor decreasing 
1. The inverse production function is of 
the form 


3 Readers should note that following the suggestion of 
the referee we have changed Anti-Hicks in the previous 
article [10, p. 60] to Input Decreasing. 
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TABLE 1—Tyrrs OF TECHNICAL PROGRESS IMPLIED BY ALTERNATIVE INVARIANT RELATIONSHIPS 



















4 interest r labor 


6MRSR 


7 share 6 
aC 
L = G(K, Y) + CÒ Y ae 


where C(#) is decreasing with time. The 
reduction of the labor input is thus pro- 
portional to output Y (Case 1-6). 

4.2 Capital decreasing 

2. This is the symmetric case when the 
inverse production function is of the form 

dC 
K = H(K, Y) + CHY ane 
Here the reduction of capital is propor- 
tional to output (Case 2-6). 

Thus, technical progress may operate on 
the input side or on the product side and 
its effect may be proportional to any of the 
basic magnitudes: output, labor, or capital 
input. Combinations of these types may 
also arise. Tbe invariance principle will 
generate certain of these when the elas- 
ticity of factor substitution is added to 
our list of variables, so that second order 
differential equations arise which involve 
two time terms as “constants” of integra- 
tion. 

Alternatively, such combinations arise 
when a time term is entered into the 
postulated relationships to express the null 
hypothesis that the relationship is not 
invariant with respect to time. The most 
important of these combinations is: 


additive IX 


capital 
additive VOI 





6 
MRS R 
No 
technical progress 
Harrod II | Solow II Hicks I 


5. Factor augmenting technical progress 
Y = FLA()K, BÒL] 


This combination of Harrod and Hicks, or 
Solow and Hicks neutrality is obtained in 
Case 1-7 when the capital-output ratio is a 
separable function of labor’s share and of 
time? 


Y ; 
A A(#¢(share). 


Among the types of technical progress 
that we have obtained in this way are 
several which are well known in the litera- 
ture: Hicks, Harrod, Solow, and factor 
augmenting technical change. The less 
obvious new types are all of the kind where 
the augmentation (reduction) of one 
variable is proportional to some other 
variable. 


I. Statistical Analysis 


We have applied regression analysis to 
time series data for the U.S., Japanese, and 
German private nonfarm sectors (see the 
table in the Appendix). Linear and log- 
linear regression equations are estimated 
for the relationships in Table 1—specifica- 


* Factor-augmenting technical progress can be ob- 
tained in a more general way from the invariant rela- 
tionship between the share and the elasticity of factor 
substitution (See our article [10, p. 63). 
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tion in terms of two economic variables— 
rather than from the implied production 
functions. The direct estimation of produc- 
tion functions is in general more difficult 
because of nonlinearity of the functions. 
Also by using these relationships it be- 
comes unnecessary to estimate the con- 
stants of integration that enter the pro- 
duction functions. 

It should be noted that by specifying 
the alternative formulations as linear or 
log-linear functions we have at the same 
time specified the form of the production 
functions. For example, to test Harrod 
neutrality we applied, 


r = interest rate 


(92) r=at byt wl) 


output 
= esta 
and 
(10) logr = a + blog y + u(t) 


where u(t) is a random variable satisfying 
E[u]=0 and E[uu’]=o77. By assuming 
r as a linear function of y, we have specified 
that the production function must be 
equal to: 


1 a 
= —— (Ar) + —_, 0<6 <1, 
y= (AMA) + 


which is a combination of the Cobb- 
Douglas type with a linear function in 
terms of K.‘ This follows by integration of 
the differential equation (9). Also the 
assumption of a log-linear form, log 
r=a-+b log y, implies a production func- 
tion of the CES type: 


y = [a + (A@a)?*]/0, loga=a 


Table 2 summarizes the implied specifica- 
tion of production functions corresponding 
to a linear and (whenever integration is 
possible) log-linear alternative form of 
alternative specifications. 

4 This function is the same as the one obtained in the 


article [12] as a CEDD (constant elasticity of derived 
demand) production function. 


The overall conclusion to be drawn from 
Table 2 is that in virtually every case the 
implied production function turns out to 
be a modification of the Cobb-Douglas or 
CES production functions. In fact, the 
estimated values of the coefficients in these 
functions tend to make the approximation 
to Cobb-Douglas usually quite close. 
This is yet another confirmation of the 
robustness of the Cobb-Douglas function 
for empirical work. It also removes to a 
large extent the difficulty or controlling the 
form of the production function while 
testing for the type of technical progress, 
since the production function turns out to 
be very much the same in every case. 
Certain of the. new functional forms ob- 
tained may be of interest in themselves as 
generalizations of Cobb-Douglas and/or 
CES and may merit further empirical 
exploration. 


ITT. Results 


The linear and log-linear equations in 
the second column of Table 2 were esti- 
mated in the form: 


g(t) = a + bp + u(t) or 
log q( = a + b log (i) + u(t), 


where #(é) and g(#) stand for the economic 
variables listed in Table 2, such as R and 
x for the case of Hicks neutrality. To test 
the invariance of these relationships with 
respect to technical change, i.e., time, we 
compared the fit as measured by R? with 
that obtained when a time term is added: 


gA =a+ bet) Hetu) or 
log g(f) = a + bp) + ct + u(i). 


In Table 3, the values of R? are com- 
puted and ranked for different definition 
of “neutrality” in three countries. It is 
interesting to note that Solow Neutral 
Technical Progress ranks first in both 
the United States and Germany, and 
third in Japan. Harrod neutrality ranked 
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TABLE 2—ImPLED PRODUCTION FUNCTIONS CORRESPONDING TO LINEAR (OR Loo-Linear) FORMS OF 
ALTERNATIVE SPECIFICATIONS 








Implied 
Production Functions 


Alternative 


Specifications 





Types Forms 





























I. Hicks Linear R=a+be y= AlN [a + 1 + bjs] 
Log-linear | log R=a+bloge y= Ala + rt], loga=a CES 
b = 1 (United States and Germany) 
y = A (faut) cD 
b=3 ike 
= A) 
y= A) A F za 
A(x) 
Il. Harrod Linear rma tby ya SON E, 0<b<1 
Log-linear | logr =a+ blogy y m [æ + (A (Dx) A] HO) 
A(Dk) = 
IH. Solow Linear w= a -+ bz se EWT, 0<b<1 
Log-linear | log w = a +- b log s s= [a + (A (Qk juu 






IV. Labor-combining Linear w=a8 +by 






y= Ade — 5 b<0, 


y= [a(l — b)z + AH] loga =a, 
b <0 (Germany and Japan) 
b1 


Log-linear | log w = a +b logy 





V. Capital-combining Linear r= a +bs 






z= Aa- b <0, 






logr = a +8 logs 
R=a+by 


s = [a(t — BR -+ Aju, i: b yé 1, 
a = 


VI. Labor-decreasing Linear em — a + Ally + by logy 

























Log-linear | log R = a +b logy ott Als, b 1 
loga =a 
VII. Capital-decreasing Linear R = g 4- b3 k = — a + A(s + bz log z 
Loglinear | logR=a+blogs | & = Pt As, BAL 
loga = a 
b 
VOI. Capital-additive Linear w =a + bs y = ax +78 +40 
g-linear | log w= a +b logx yap gh +40, loga m a 
b 
IX. Labor-additive Linear r =a + bk z =at HAO 
Log-linear | logr = a + b log k z= Ze t 40, loga ™ a 





first and second in Japan and the United Capital-Additive Neutrality ranks very 
States, but did not rank well in Germany high in Germany (Rank 2), but not 
(Rank 7). Hicks neutrality does not rank in the United States and in Japan. 
as high as the Solow or Harrod types. It is understandable to have such high 
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TABLE 3—COMPARISONS OF R? IN Loc-Lryzar REGRESSIONS AMONG THREE COUNTRIES 











Type 


I. Hicks 

IL Harrod 

I. Solow 

IV. Labor-combining 

V. Capital-combining 

VI. Labor-decreasing 
VU. Capital-decreasing 
VOT. Capital-additive 
IX. Labor-additive 


4 
2 
1 
3 
5 
8 
7 
ó 
9 


ranks in the Solow and Harrod neutral 
cases, since the log-linear relations imply 
that the production functions are of the 
CES type. Thus, Solow and Harrod 
neutral types are cast in a particularly 
favorable position. In order to offset this 
effect of the form of the production func- 
tion, we might consider imbedding the 
various types of neutrality in CES func- 
tions and covering these estimates. How- 
ever, this method becomes feasible only as 
further progress is made in nonlinear 
econometric estimation. 

The above observation (Table 3) is 
made by comparing only the log-linear 
estimates. Our findings may now be 
summarized as follows: 

(1) Among the unconventional types of 
neutral technical progress several perform 
well in one or the other country, but none 
is leading. In the United States, labor- 
combining and capital-combining tech- 
nology; in Japan, labor-decreasing and 
labor-additive technology; in Germany, 
both labor and capital decreasing, and 
capital-additive technology. Such a phe- 





Germany 


Rank R Rank 











CAO a OO W FD 
CNHAMNO WRN 


nomenon, however, might well be expected 
when fitting a number of different forms to 
different time series. 

(2) The traditional types of Hicks, 
Harrod, and Solow neutrality are for all 
countries at least as good as the uncon- 
ventional types of neutrality. It is note- 
worthy that Solow (i.e., capital augment- 
ing) technical change performs particu- 
larly well. 

(3) When in the equations for Hicks, 
Harrod, and Solow neutrality, time is 
entered as an additional explanatory 
variable, a closer fit can be expected. 
Interestingly enough, this effect is quite 
small. We conclude that general factor- 
augmenting technical progress does not 
give a substantially improved explanation 
of observed data when compared with 
technical progress that augments only one 
factor. 

(4) No matter how technical change is 
specified, the estimated production func- 
tion turns out to be close to a Cobb- 
Douglas or CES function in every case. 
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APPENDIX 
TIME SERIES FOR THE UNITED STATES, JAPAN, AND GERMAN FEDERAL REPUBLIC Private Non-Farm Sectors 





United States Japan 
(Y and K are measured at 1929 dollars) (F and K are measured at 1930 Yen) 





1944 .5554 1.4629 3796 - 184 -977 .1180 179 6590 0408 .1171 
1945 5667 1.5282 .3708 .178 1.088 1025 192 5337 0349 1265 
1946 .5497 1.4512 3788 172 998 -0540 123 -4392 0032 1156 
1947 .4320 1.4192 .3749 174 955 0595 160 .3720 0011 -1570 
1948 .5372 1.4797 3630 -178 -988 .0698 .195 .3580 .0021 .1892 
1949 .5228 1.5201 .3439 .170 1.025 -0815 .230 3542 0101 2015 
1950 5537 1.6269 3403 201 1.036 0984 266 3700 -0160 2226 
1951 -5459 1.6545 3299 -188 1.084 .1066 -247 4316 0193 -2023 
1952 .5380 1.6847 3193 171 1.151 1148 261 4397 .0165 2234 
1953 .5427 1.7058 .3182 .169 1.175 .1191 .267 .4461 .0197 .2229 
1954 .5357 1.7820 -3006 163 1.238 .1193 .256  .4659 .0175 -2184 
1955 .5542 1.8618 .2977 -182 1.249 .1275 .271 .4705 .0199 . 2287 
1956 -457  1.6%6 3298 174 1.127 1414 293 4827 0266 2379 
1957 .5394 1.8912 -2852 .168 1.303 .1452 291 4989 0184 2540 
1958 5358 1.9360 2768 161 1.353 . 1482 294 . 5040 .0280 .2384 
1959 -5506 1.9993 -2754  .174 1.368 .1659 342 -4850 0390 -2616 
1960 .5520 2.0342 .2114 171 1.406 .1825 .380 . 4802 0478 . 2804 
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GERMAN FEDERAL REPUBLIC 






Y (GNP) K L 






Year Prices of 1913 | Capital Stock | Labor Forcein | Share of Labor 
(Million Mark) | Prices of 1913 | Hours Worked iter 
(Mrd. Mark) (Billion hours) 
1850 56.7 819 
1851 56.7 819 
1852 56.7 ‘819 
1853 56.7 "819 
1854 56.7 778 
1855 58.4 778 
1856 58.4 778 
1857 58.4 178 
1858 58.4 178 
1859 58.4 178 
1860 58.4 753 
1861 58.4 753 
1862 58.4 753 
1863 58.4 753 
1964 58.4 753 
1865 58.4 750 
1866 58.4 750 
1867 60.9 750 
1868 60.9 750 
1869 60.9 750 
1870 60.9 778 
1871 60.9 778 
1872 60.9 ‘778 
1873 60.9 778 
1874 60.9 778 
1875 68.8 800 
1876 68.8 ‘800 
1877 68.8 “800 
1878 68.8 "800 
1879 68.8 “800 
1880 68.8 166 
1881 68.8 766 
1882 68.8 ‘766 
1883 68.8 766 
1884 68.8 ‘766 
1885 73.7 762 
1886 73.7 762 
1887 73.7 762 
1888 73.7 762 
1889 73.7 762 
1890 73.7 TAL 
1891 73.7 "741 
1892 73.7 741 
1893 73.7 "741 
1894 73.7 741 
1895 80.7 731 
1896 80.7 “731 
1897 80.7 731 
1898 80.7 "731 
1899 80.7 731 
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GERMAN FEDERAL REPUBLIC (Continued) 






































K L 
Y (GNP) Capi 5 B=i-a 
3 pital Stock | Labor Force in 
Year | Arices of 1913 | Prices of 1913 | Hours Worked | Share of Labor 
(Million Mark) | (Mrd. Mark) | (Billion hours) acom 
1900 33,169 80.7 
1901 32,406 80.7 
1902 33,142 ; 80.7 
1903 34,979 54.00 80.7 
1904 36,405 57.00 80.7 
1905 37,189 60.10 80.7 
1906 38 , 283 63.40 90.2 
1907 39,993 67.00 90.2 
1908 40,665 69.10 90.2 
1909 41 ,482 71.80 90.2 
1910 42,981 74.30 90.2 
1911 44,478 77.90 90.2 
1912 46,388 82.00 90.2 
1913 48,480 85.20 99.0 
1925 45,515 76.63 89.0 
1926 43,688 77.63 89.0 
1927 51,806 81.92 89.0 
1928 52,969 85.40 89.0 
1929 53,596 86.60 89.3 
1930 50,326 86.70 89.3 
1931 45,226 83.81 89.3 
1932 41,011 82.27 89.3 
1933 45,068 82.41 89.3 
1934 49,395 83.96 89.3 
1935 53,856 86.62 89.3 
1936 59,511 838.86 89.3 
1937 63 ,098 96.03 89.3 
1938 67 ,967 103.22 92.9 
1950 40,052 69.54 52.9 
1951 44,151 74.03 52.9 
1952 46,278 78.98 52.9 
1953 49,090 83.28 52.9 
1954 53,828 89.31 52.9 
1955 59,393 97.54 52.9 
1956 62,283 104.86 52.9 
1957 64,363 112.25 52.9 
1958 66,613 118.87 60.2 
1959 71,008 126.70 60.2 
1960 60.2 
1961 60.2 
1962 60.2 
1963 60.2 
1964 60.2 
REFERENCES Substitution and Economic Efficiency,” 
1. K. J. Arrow, H. B. Cuenery, B. MIN- Rev. Econ. Stat., Aug. 1961, 43, 225-47. 
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Durability of Consumption Goods: 
Competition Versus Monopoly 


By DAVID LEvVHARI AND T. N. SRINIVASAN* 


One encounters quite frequently as- 
sertions by laymen that firms in monopo- 
lized industries tend to shorten the dur- 
ability of their products, compared with 
the durability of these goods under perfect 
competitive regimes. In the following we 
show conditions under which these asser- 
tions are valid. 

It is well known that under the usual 
assumptions monopoly restricts output 
compared with the competitive case. If the 
costs of the competitive firms are just the 
same as the costs of plants of the mo- 
nopoly, then the output of the monopoly 
will be smaller. In the competitive case, 
the assumption is that we have any num- 
ber of potential firms which can produce 
output with the same cost function, and in 
the monopoly case the assumption is that 
we can build any number of plants with 
the same efficiency. In other words, in 
both cases we assume that the industry is 
operating under constant returns to scale. 

However, unlike the textbook case in 
which, with given factor prices, costs are 
only a function of output level, here it is 
assumed that unit costs are a function of 
durability of the output. We assume the 
product to possess the property of sudden 
death, or one-hoss shay; we enjoy a con- 
stant flow of services from a unit of a 
durable good for a given time, and then the 
durable good evaporates at once. We as- 
sume a world where demand for services of 
durable goods is stationary, and firms 

* The authors are, respectively, senior lecturer of 
economics at the Hebrew University, Jerusalem, and 
professor of economics at the Indian Statistical In- 


stitute, New Delhi. This paper was written while both 
authors spent a year at Stanford University. 
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continue to produce the same quantity of 
goods of constant durability each period. 

We denote by p the price of a unit of © 
service provided by the durable good. 
Further, if we assume that the units of 
product are measured in such a way that a 
unit of product continues to provide a unit 
of service at each point of time during its 
lifetime, then » is also the rental per unit 
of time of a unit of product. The demand 
function for services is {(p). As is custom- 
ary, we will assume /f’(p)<0. If the 
durability in a certain stationary situation 
is V, and the amount of product produced 
each period is y, then the total services 
available at any point of time is Ny, and 
we have 


(1) Ny = f(?). 

If p is the rental rate, and r the rate of 
discount in the economy, then Py, the 
price of the product with N years of life, 
should be 
1— eN 


(2) Py=p 


r 

The unit cost of production of a good 
with durability N is c(N) with c’(N)>0. 
That is, the cost of producing y units of 
output with durability N is yc(N). 

In both the competitive and monopoly 
situation the volume of output and the 
durability of output have to be deter- 
mined. Our main interest here is with the 
durability. In the competitive case, if we 
know the durability N and the price Py 
we can, through (2), calculate the implied 
p and then using the demand schedule (1); 
find the volume of output y. 
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The conditions for a long-run equilib- 
rium of a competitive industry are that of 
zero profitability and equality of marginal 
cost with price. Given the assumption of 
constant returns to scale in production, 
these conditions reduce to 

— gN 
(3) c(N) = Py=p > 

The condition for determination of V 
is that firms choose durability so as to 
maximize their profits. Since p is given to 
the single firm, the condition is 


d 
4 CN) = —— Py = pew. 
(4) (N) ees $ 
The second-order condition is that 


d 
— [pe — e 0 
at (N)} < 
or —rpe*’—c’’(N) <0, and using (4) the 
condition is 


(4a) —— > —r 


(the condition is automatically fulfilled in 
the case c’/’>0). 
Dividing (4) by (3), we find 
c’(N) r 


(N) eN—1 Í 


The solution of (5) is the N determined in 
the free competitive situation. 

As one expects in this case, durability is 
related in a negative way to rate of dis- 
count r. If the rate r is lower, firms produce 
longer-lived assets.1 Moreover, equilib- 


(5) 

















1 For this we prove that when 
c(N) r 
Ot ea 
is satisfied then (4N /dr) <0. If 
F(r, N) = ey enti 
, (N) e-i 


then dN/dr=(—Fr/Fy). As 


rium durability. depends only on the dis- 
count rate and the unit cost, and not on 
the demand function. 

In the case where the industry is con- 
trolled by a monopoly, the firm would like 
to maximize its profits, i.e., to maximize 
yPy—yc(N) with respect to y and N. To 
get familiar textbook results, invert the 
demand equation (1) and obtain p= 
g(Ny), or 


1— et’ 
(6) Py = EN) 
Profits R of monopoly in each period are: 
1—e%* 
R= 6) N), 


Differentiating with respect to y, we 
obtain one of the required necessary 
conditions for a maximum: 


ðR 1 — eY 
a C 


— gN 
A err Ng'(Ny) = 0, 


f 1 
eNi NEFF- 
it is obvious that — F, <0. Calculating Fy we find: 
em [e] een 
Sam eM e7- 1 





and using (5) 

"N r peN 
MN) Y1 
r? e(N) e'N) r? 
wI oN) cM) eL 

PN) r r 
“Fay m L] 
Using condition (4a) we finally obtain 


"(N) 


i (@*— bi” U 











r ri 
woita@oi7* 

As can be later observed this discussion is related to 
the discussion of the nature of the intersection of 
o'(N)/c(N) with 7/e'**—1 and as a matter of fact the 
same conclusion can be shown diagrammatically. 


Fy>-—-f 
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zi" 






Relevant for competitive case 








FIGURE 1 


or 


c(N) = Pw (: +Ny 5 


1 
S Py -=|, 
K 


where ņ is the elasticity of demand for 
services of the durable good. This is the 
usual condition for optimum output of a 
monopoly (the only relevant region for a 
monopolist is where 7>1; otherwise the 
monopolist can increase profits by re- 
ducing his output). Differentiation of R 
with respect to W yields 


OR [ etary) + fat} 
ie eae ae 


(7) 


(Ny) cn) | 50, 


or the other necessary condition for a 


maximum is: 
r g 
vf] 
oN — 1 2 g 





1 So eN 
(8) ¢(N) = = 
rT 
OT 


(O) P(N) = Py ES = =| 


Division of (9) by (7) yields 


E(N) eN—1 Nn 
c(N) 1 
n 





(10) 


Comparing (10) with (5), we observe that 


_on the left-hand side we have the same 


function of N, c’(N)/c(N). The right-hand 
side, on the other hand, is always smaller 
in (10) than in (5). Thus, 











1 PrN +i eN 
HR 
n— 1L Ne" — 1) 


for7>1, N>0. 


The right-hand side of (5) is a declining 
function of N so that the situation in two 
cases can be depicted by Figure 1: 

Now the question whether durability W 
is longer in the competitive case, compared 
with the monopoly case, depends on the 
way c'(N)/c(N) crosses these two curves. 
That is, if c’(N)/c(N) crosses these curves 
from below and we have just one solution, 
then the competitive market gives longer 
durability. For the competitive solution, 


ð ES r | 
ONL GN) e&%¥ —1 
d'e — (c')? ren 


c (eY — 1)? 








We can show as follows that at the inter- 
section point the right-hand side is 
positive, and at this point can be written 
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c'e + (e)%(e* — 1) 


c 


and for this to be positive we need 














se +e%¥—-1>0 
(Oh 
or 
d eN — 4 
— +e% —1>0. 
c r 
Now remembering the second-order con- 
dition 
cl” 
raat) 
C 
d eN — 1 
(4a) is + ey — 1 
c r 
en — 1 
>r +e*%¥—1=0. 
r 


That is, c’/c intersects always from below 
in this case.? Thus, for a maximum, the 
situation in this case is the one depicted in 
Figure 2: 

In the monopoly case, the decisions on 
y and WN are interdependent and the 
second-order condition does not yield a 
simple rule on the relevant slopes. How- 
ever, if the situation is the one in Figure 2, 
in which in the monopoly case as well as in 
the competitive case the intersection of 
c’/c is from below, we obviously find that 
monopolization restricts durability of its 
product. 

In the case where c’(N)/c(N) is rising, 


2 Equation (5) can be written as 
Ne (N) N 
c(N) ev — 1? 
that is, at the point of optimal durability the elasticity 
of the cost function should ber N /e™” —1.The function on 
the right-hand side is a decreasing function of N which 
assumes the value 1 at N =0. Therefore at the optimum 


point Ñ we require the elasticity of the cost function to 
be smaller than 1. ` 
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FIGURE 2 


we always find that durability in the 
monopoly case is shorter. 

We may now give some simple examples. 
Assume that the unit cost, c(N), is of the 
power function type c(V)=AN+, with 
a<i. (This is needed since, as we noted 
earlier, at the intersection point the 
elasticity of the cost function must be 
below unity.) The demand for services is 
Ny=Bp-* and n=8. In this case, 

CN) a 


AN) N 


and condition (5) for durability in the 
competitive case is 





r 





a 
N e1 


or 





eN — 1 


(11) N=a 


r 

The left-hand side is the 45° line, while 
the right-hand side possesses a positive 
second derivative; hence, the intersection 
is unique and in the right direction for a 
maximum. 

In the monopoly case, the condition for 
optimal durability is 
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or 
a(8~1)+1 1 g r 
per N pat era i: 

and finally 
alB —1) +1 e%—1 

= F i 





(12) N 





Since 


—1 1 
eae 


and we find that N is smaller for this case 
(Figure 3). 

Another very simple example is the one 
in which the cost function is an exponential 
function of N, say Mev, in which case 
c’/c=y and, regardless of demand con- 
ditions, monopoly produces shorter-lived 
consumer goods. If the demand function is 
assumed to be that in the previous ex- 
ample, then equation (5) assumes the 
form: 





or 


r 
log (: + z) 
PERSONE LAM 


r 


(14) N= 


In the monopoly case, 





(15) a alee aE 


or 





rN 


ev — 1 


(16) 1+@—l)yN =8 





It is again easy to see that if 8>1, a solu- 
tion always exists (Figure 4) for the 
monopoly case as well, and the good is 
less durable than under competition. 

One policy question that may be asked 
is whether public control of durability will 
benefit the consumer.’ That is, if the 
government sets standards for durability 
while the monopoly controls output, what 


3 We thank Professor Kenneth Arrow for raising this 
question in a private conversation. 
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is the expected impact on consumers? 
In the following section we prove that as 
long as the standards are effective in the 
sense that N set by the government is 
longer than the one chosen by the monop- 
olist, but not longer than the competitive 
one, consumers are better off; it means 
that consumers enjoy a larger volume of 
services and, of course, the rental price of 
services is lower. 

Ny is the volume of services supplied, 
denoted by s. The monopolist wishes to 
maximize his profit: 

a s i~e g 
m g(2) T c(N) 


subject to the NÑ given by the government. 
By differentiation with respect to z, we 
obtain the maximum profit condition: 





Wh: eo (->) seen 


r n(2) 


which is merely rewriting (7) in terms of z. 

To prove the assertion made, we have to 
show that for a larger N the monopolist 
will choose a larger z. That is, using (17), 
we show that dz/dN >0. 

Denote the left-hand side of (17) by 
¥(z, N), then: ds/dN = —(Ww/y,.) We easily 
find: 


as the second order condition for the 
maximization of: R with respect to s. 


Differentiation of y with respect to NV 
yields: 


1 
(19) ya = ge” (: - ==) ~ e). 


Using (17) and (19) this can be rewritten 
as: 


ren 
(20) ow = c(N) cae c (N) 


Assume now that the standard deter- 
mined by the government is such that N is 
not larger than the competitive N; then 
using the nature of the intersection of 
c'(N)/c(N) and r/(e¥—1) (Figure 2), 
we find that 





vy 
——>0 ory > 0. 
c(N) 
Hence, under the mentioned conditions, 
dz 
l esisi 
aN Ve 


as originally stated. 

All our discussions have been stated in 
terms of durability, but one suspects that 
the same results will hold for other (not as 
easily measured) concepts, such as quality. 
That is, besides restricting output, the 
monopolist will produce goods of lower 
quality. 


Customs Union and The Theory 
of Tariffs 


By Sven W. ArRNDT* 


The standard analytical vehicle of 
customs union theory consists essentially 
of a two-commodity, three-country model 
of the trading world. Within this frame- 
work, two of the three countries form the 
union, while the third “country” com- 
prises the “rest of the world.” The latter 
is either assumed to contain a single coun- 
try or, where several economies are in- 
volved, these are taken to be perfectly 
homogeneous, so that differentiation 
among them is immaterial to the analysis. 

Many significant results have been 
obtained with the aid of this apparatus, 
which has in spite, or perhaps because, of 
its basic simplicity taken the analysis of 
customs union a long way since the prob- 
lem was first formalized by Viner [18]. 
Nevertheless, the model does suffer from 
the burden of several major constraints. 
Not the least of these involves the treat- 
ment of the non-union or outside word as 
a single unit. In the present paper, we shall 
develop a model that will permit us to 
break up the rest of the word into several 
heterogeneous components. The smallest 
version of this expanded model will contain 
four countries—two within the union and 


* The author is assistant professor of economics at the 
University of California at Los Angeles. He is indebted 
to William R. Allen for his valuable comments on an 
earlier draft. He is, of course, solely responsible for any 
remaining errors. Fellowship support from UCLA’s 
Committee on International and Comparative Studies 
with funding from the Ford Foundation is gratefully ac- 
knowledged. 

1See, for example, the papers by Lipsey [10] and 
Michaely [13]. Vanek [16] uses a similar framework, but 
he does attempt some generalizations beyond the three- 
country world. Cooper and Massell [4], on the other 
hand, conduct their analysis entirely in terms of a 
single-commodity, three-country model. 
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two without—but the number of countries 
may be readily increased. 

Among the principal results of this 
extension, the traditional conclusion of 
customs union theory that terms-of-trade 
movements will lead to deterioration in the 
welfare of the “outside world” will be 
shown to be of limited relevance to the 
multiple-country situation. It will be 
shown further that when exclusion from 
the union involves more than a single 
country, the incentives to elect nonmem- 
bership will be increased for some coun- 
tries by the final form of the union. An 
attempt will also be made to demonstrate 
the superiority of customs union as a 
particular type of tariff policy. 

The model will be introduced in Section 
I; it will be used there to examine the case 
of the large union which imposes a pro- 
hibitive tariff. This will bring out the 
importance of movements in the terms of 
trade in determining the welfare effects of 
customs union. In Section II, the more 
general case of the nonprohibitive tariff 
will be taken up. Section HI will deal with 
the existence of tariff policies as alterna- 
tives to customs union. A final summary 
concludes the paper. 


I. Large Union: Prohibitive Tariff 


The initial purpose of this section is to 
set out the framework of the analysis. 
Among the basic properties of the model is 
the assumption that full employment is 
maintained throughout and that factor 
supplies are fixed. Further, perfect com- 
petition is assumed to prevail. Com- 
modities. are homogeneous and mobile 
between countries without transportation 


ARNDT: CUSTOMS UNION AND THE THEORY OF TARIFFS 109 


costs. Factors of production are perfectly 
immobile internationally. Tariffs are im- 
posed for regulatory purposes only; all 
proceeds are returned to consumers as 
income subsidies. Individual tastes and 
preferences are such as to justify the use of 
community indifference curves.? Finally, 
all production transformation functions 
are assumed to be concave to the origin. 

Suppose, then, that the world may be 
divided into two groups of countries pro- 
ducing commodities X and Y. Group Wa 
is the set of all actual or latent exporters of 
Y, while group Wz exports X. The groups 
are necessarily defined with reference to 
the prevailing terms of trade, for it is 
clearly possible that alterations in the 
international price ratio will introduce 
trade reversals which will cause countries 
to shift between groups. 

An essential feature of the present 
model is its use of aggregate reciprocal 
demand functions. Such functions are 
constructed by taking the radia] sum at 
‘various terms of trade of the offers of 
the members of a given group.? The shape 
of the aggregate curve is generally de- 
pendent upon the individual component 
curves; its smoothness increases with the 
number of countries and with the simi- 
larity among the underlying offer curves; 
its elasticity is determined by the elastici- 
ties of the individual curves. Where indi- 
vidual countries are small, changes in the 


* This assumption Is of special importance in view of 
the subsequent use of reciprocal demand curves. It is as- 
sumed that the distribution of income is held constant 
by the authorities. This is clearly a restrictive assump- 
tion which ignores, among other things, the possibility 
raised by Johnson [7] and Metzler [12] that tariff-in- 
duced changes in the terms of trade will alter the dis- 
tribution of income. Its virtue lies in the fact that it 
eliminates the problem that tariff alterations and form- 
ation of customs union may cause the reciprocal de- 
mand curves of a given country to cross. For more de- 
tailed discussions of community indifference curves, see 
Michaely [13] and Vanek [17, Ch. 16]. 

3 Aggregate reciprocal demand curves were implied by 
Graham [6] and have been derived by Becker [2] and 
Elliot [5]. 


behavior of a single member of a group will 
leave unaffected the group reciprocal 
demand curve and thus the international 
terms of trade. A large country, on the 
other hand, will cause shifts in its offer 
curve to be reflected in the aggregate 
curve.’ 

Group Wa, the exporter of Y, may 
consist of one or more countries. We as- 
sume for simplicity, but without loss of 
generality, that it contains two countries, 
Aand As. Suppose further that A, is the 
lowest-cost producer of Y, so that it will 
be a supplier of Y and an importer of X at 
lower relative prices of Y than any other 
country. Specifically, if OA,’ and OA,’ are 
the countries’ relevant offer curves, A, will 


_ be the sole exporter of F at all terms of 


trade equal to or steeper than those given 
by the ray through point W (the line not 
being drawn to avoid cluttering up the 
diagram). Consequently, the group offer 
curve will be coincidental with A,’s offer 
curve up to point W, i.e., country Ays 
curve is tangent to the line OW at the 
origin. When the price of X is high enough 
to cause country Az to become an exporter 
of that commodity, i.e., to produce a 
negative offer of Y, the country’s demand 


1 We may note the special case in which the members 
of a group possess identical offer curves. The resulting 
aggregate curve will be perfectly smooth and will possess 
the convenient property that the entry or withdrawal 
of one or more of these countries will leave the elasticity 
of the aggregate curve invariant with respect to a given 
price ratio. Kemp [9] has discussed this invariance in 
connection with various types of demand shifts. While 
he was concerned primarily with individual country 
offer curves, the present application is a natural ex- 
tension of his analysis. 

When offer curves differ among countries, the elastic- 
ity of the group offer curve will be determined by the 
telative propensities to consume importables in the com- 
ponent countries and by the individual shares in total 
group imports, on the one hand, and by a compensated 
price elasticity for the group, on the other. Both income 
and price effects will essentially be weighted averages of 
the individual component country terms. A disaggre- 
gated elasticity of demand has been derived for a single 
country composed of two individuals by Bhagwati and 
Johnson [3]. That analysis is sd adaptable to the 
present situation. 
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for the latter commodity must be added 
to the aggregate demand of group Ws. 

At terms of trade flatter than OW, 
country A: begins to export commodity 
Y. The group reciprocal demand curve, 
OWW 4’, reflects this increased supply of 
Y on world markets by moving away 
from OA,’ at this point. The intersection 
of OWW,’ and OW,’, which is group 
Wps aggregate offer curve and which 
may be derived analogously, determines 
the world terms of trade. If the country 
curves had been free-trade curves, the 
resulting terms of trade would give the 
free-trade world price ratio as well as the 
internal relative prices in the various 
countries. If, on the other hand, OAy’, 
OA,’, OB,’ and OB,’ are all revenue- 
redistributed offer curves corresponding 
to various individual tariffs imposed by 
the four countries, then OWW,’ and 
OW,’ are the resulting group offer curves 
and OT, measures the terms of trade of a 
tariff-ridden world. This latter case is in 
fact the one depicted in the first quadrant 
of Figure 1. Free-trade offer curves have, 
in general, not been drawn in order to keep 
the diagrams as simple as possible. 

Let us assume, therefore, that quadrant 
1 represents the situation as it exists prior 
to formation of the customs, union, 
World-trade equilibrium is located at P, 
the point of intersection of the revenue- 
redistributed group offer curves. The 
terms of trade are given by OT:. In this 
situation, different cost, demand, and 
tariff conditions will prevail within the 
various countries. To illustrate, the 
revenue-redistributed offer curve (OA2’) 
of country Az corresponds to an ad 
valorem rate of tariff of OM/MN. The 
internal price ratio in A is indicated by 
RM. Point R represents equilibrium for 
that country. As Johnson [8, Ch. 2] has 
shown, the terms-of-trade line cuts the 
indifference curve which passes through 
R, whereas the internal price line is tan- 


gent to that indifference curve. In the 
free-trade case, on the other hand, where 
internal and international price ratios are 
identical, the indifference curve passing 
through the equilibrium point will be 
touched by the common price line. 

We may think of country Ai as having 
imposed a higher ad valorem rate of duty, 
given by OK/KLI and producing an 
internal price ratio of SK. At constant 
terms of trade, the internal price of X 
will be higher in A, than in Ag, given the 
higher rate of taxation in A; When 
countries are large enough to affect the 
terms of trade, however, differences in 
size will tend to offset (or augment) dif- 
ferential effects of varying tariff rates on 
prices.’ 

Suppose now that countries A, and By, 
form a customs union with prohibitive 
tariff. Countries A, and B; thus constitute 
the “outside world.” In the latter, trade 
equilibrium will shift to P’, the point of 
intersection of the revenue-redistributed 
offer curves of the truncated groups, 
provided that neither group reacts to the 
union by altering its tariff policies. The 
new outside terms of trade are OT»; they 
represent a worsened trade situation for 
the country importing commodity Y. 

In the third quadrant, OA,’ and OB,’ 
are drawn along with the countries’ free- 
trade offer curves, OA and OBa. With a 
prohibitive external tariff the intra-union 
terms of trade will be OT,. It would thus 
appear that the terms of trade facing Ag 
and those facing its former group, and for 


* The word “size” is used here in the broad sense, en- 
compassing both demand and supply conditions. It is 
well known that a tariff will leave the internal price ratio 
unchanged if the sum of the marginal propensity to im- 
port in the taxing country and the foreign elasticity of 
demand for that country’s exports equal unity. See, for 
example, Meade [11, p. 74]. This condition, however, 
holds strictly only for the case in which the given coun- 
try is the sole supplier of the commodity; in the pres- 
ence of competing suppliers the conditions must be 
amended to include the effects on third country offers af 


‘the given country’s tariff policy. 
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symmetrical reasons B: and its former 
group, have moved in opposite directions. 
This, however, need not always occur. It 
is possible that, for an appropriate choice 
of countries and, within these, an ap- 
propriate choice of ad valorem tariffs, the 
final intra-union terms of trade will move 
in the same direction as those in the out- 
side world. As a special case, it is possible 
for the terms of trade in either the union 
or the outside to remain unaltered at OT; 
while those in the opposite block take on 
a new value. 

Finally, there is one case, namely, 
union of “similar” economies,’ in which 
we can make unequivocal statements 
about the direction of the terms-of-trade 
shifts. For example, if two of a large num- 
ber of countries in W, form a union, the 
terms of trade outside the union will 
clearly move in favor of group Wa, and 
thus the intra-union price ratio must move 
in the opposite direction. In the absence 
of the latter increase in the relative price 
of X, the commodity will not be produced 
within the union.” 

A significant aspect of customs union 
theory has been its attempt to predict the 
direction of terms-of-trade changes. 
Whether the terms of trade move in 
favor or against the “inside” or the “out- 
side” js of considerable import not only 
to the respective union partners, but to 
those who remain nonmembers as well.’ 
As the foregoing discyssion makes clear, 
however, it is generally undesirable, if not 
meaningless, to deal with the “outside 
world” as a single entity when that world 
contains several distinct members. We 
can see in our present case of the prohibi- 


€ In Vanek’s terminology [16], union of countries 
from the same group constitutes union of similar econ- 
omies. The opposite situation produces union of dis- 
similar economies. 

1 It remains to be seen in a later section to what ex- 
tent relaxation of the prohibitive tariff alters this con- 
clusion. 

8 Cf., for example, Mundell [15] and Vanek [16]. 


tive tariff, that every movement of the 
terms of trade will be favorable to some 
countries and adverse to others. There is 
only one clear case and that involves 
union of similar economies in which all 
exporters of one commodity, say, Y, join 
the union. Then, indeed, will the relative 
price of X rise in the union and fall in the 
outside world, producing trade reversals 
in some countries and leaving both blocks 
with uniformly worsened terms of trade. 

Country AÁ: having moved from R 
(=R’) to E, is worse off after customs 
union. The total change in welfare may 
be separated into two components. The 
first, which tends to increase the country’s 
welfare, is the result of tariff elimination 
with its increased specialization in pro- 
duction and its attendant readjustments 
of consumption. It is equivalent to a 
movement from R’ and indifference curve 
I? to F and curve I. at unchanged terms 
of trade. Removal of the tariff produces a 
reallocation of resources in favor of Y and 
substitution in consumption toward X by 
changing the internal price ratio from 
MR to OT,'. The second component, which 
tends to reduce A,’s welfare, arises from 
changes in the terms of trade from OT,’ 
(=OT,) to OT.. It may be shown in 
perfectly analogous fashion that both 
component movements are favorable for 
Ba, whose welfare is increased unequiv- 
ocally. By joining the union, the country 
gains both because its volume of trade 
increases and because its terms of trade 
improve. In order to determine the net 
change in union welfare, intercountry 
comparisons will become necessary, except 
for the possibility that the gainer may be 
able to compensate the loser and still 
prefer the union. 

The foregoing analysis may be applied 
to the changes which will occur in the 
outside world. The movement from S to 
P’ constitutes a welfare improvement for 
A;: its terms of trade improve and the 
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internal relative price of imports falls. 
The welfare of Bı, on the other hand, 
deteriorates as a result of the formation 
of the union. The positions of the two 
countries are affected only by terms-of- 
trade shifts, given the unaltered degrees 
of their trade restriction.” It can be seen 
that the attitudes of A: and Bı toward 
formation of the union will be very dif- 
ferent. Bı will try to oppose the union, 
fearing a worsening in its terms of trade. 
Country A, will support the union, but 


§ The present case raises the following question: will 
the tariff levels in A1 and Bı, which were established in 
accordance with the pre-union trading situation, be 
consistent with post-union conditions? Suppose that 
prior to the union country A; is relatively small within 
group Wa and that group Wp’s offer curve is highly 
elastic. A,’s ability to alter the terms of trade will be 
small and its optimum tariff low. Suppose, next, that 
several members of the two groups join a prohibitive 
customs union. This increases A,’s power within the 
newly constituted group W4. Assuming that the reduc- 
tion in the size of Wp has raised the curvature of its 
reciprocal demand curve, it follows that optimum 
strategy, especially in the absence of retaliation, may 
now lead A; to increase its tariff; and if this is generally 
applicable to the countries on the outside, the average 
level of protection will increase. 

But is this the general case; or is it possible for opti- 
mum tariff policy to require tariff cuts? Suppose that all 
members of Wa and Wz enter a prohibitive union ex- 
cept for countries Ay and By. Quadrant 3 then shows the 
situation in the outside world after formation of the 
union. At unchanged pre-union tariffs, the terms of 
trade are given by the ray (not drawn) through U’. 
Through that point will pass indifference curves for each 
country which will be touched by their respective inter- 
nal price lines. It has been shown by Johnson (8, Ch. 2] 
and others, that if at U’ the offer curve of the passive 
country is tangent to the internal price line of the tariff- 
imposing country, the Jatter country cannot gain by 
altering its tariff. If, on the other hand, the offer curve 
outs the price line of the taxing country from the side of 
the line which lies between that line and the taxing 
country’s export axis, the tariff should be increased. In 
the reverse case, the tariff will have to be reduced since 
it will exceed its optimum level. 

The point of intersection, U’, will be determined by 
the rates of duty established in the two countries prior 
to formation of the union. These rates will be affected by 
the sizes of the two countries within their respective 
groups, by the elasticities of the various offer curves and 
by the past history of tariff competition. There is no 
presumption, therefore, that optimal tariff strategy for 
the countries on the outside will always lead to increases 
in the rate of protection. 


should clearly refrain from joining it, for 
it has much to gain from its increased 
market power in the outside world. 


Tl. Large Union: Nonprohibttive 
Tariff 


When the union tariff is less than pro- 
hibitive, OT, and OT, in Figure 1 no 
longer represent the final terms of trade. 
As the tariff is lowered to nonprobibitive 
levels, substitution in production within 
the union toward the product whose price 
is rising, namely Y, and substitution in 
consumption toward the product whose 
price is falling, namely the import com- 
modity X, will tend to push OT, in a 
clockwise direction, while analogous ad- 
justments in the outside world will rotate 
OT, in a counterclockwise manner. These 
rotations, however, will stop short of 
bringing the internal price vectors in the 
two blocks into equality, unless both 
remove their respective external tariffs 
completely. 

If we assume that all tariff changes 
which actually occur are those involving 
the union, then OA,’ and OB, will con- 
tinue to represent the outside world’s 
ruling offer curves. The union offer curves, 
on the other hand, will be altered as the 
external union tariff is reduced, producing 
nonzero excess demands within the union 
for the two goods at their new prices. For 
the extreme case of a zero tariff, OA: and 
OB, will be the relevant offer curves; in 
this case, the final terms of trade will be 
steeper than OT, given the relative 
magnitudes of the pre-union tariffs of the 
partners and the relationships between 
curves OA,’ and OA, and OB, and OB. 

In the general case, the world terms of 
trade will fall somewhere between the 
latter ratio and OT», the exact location 
being determined by the final size of the 
union tariff. It is apparent that the two 
union partners will be induced to pursue 
conflicting objectives with respect to the 
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optimum level of the common tariff. 
Country B.’s gain from union will be 
smaller, the lower is that tariff; that 
country will thus tend to resist reductions 
in the common tariff. Az on the other 
hand, would see its earlier losses reduced 
by lower external tariffs, and is thus likely 
to pursue trade liberalization. Resolution 
of the conflict will probably involve 
redistribution of union tariff revenues to 
the residents of country A; plus com- 
pensating transfer payments from B, to 
As. In the case at hand, we see that the 
potential for such transfer payments 
exists.!° i 


IGO. Customs Union and Alternative 
Tarif Policies 

The analysis of customs union has 
traditionally concerned itself with the 
conditions under which countries will find 
regional or group tariff discrimination 
preferable to unilateral tarif policy. Al- 
ternatively stated, the theory has at- 
tempted to define the range of situations 
in which regional free trade will be pref- 
erable from various points of view to 
generally restricted trade. In the develop- 
ment of the theory, however, it has been 
suggested that some members of a pro- 
posed union would be at least as well off, 
and quite possibly better off, if they 


unilaterally and nonpreferentially reduced 


their own tariffs. This point is implicit in 
Lipsey [10] and Michaely [13], and it 
constitutes the major argument of Cooper 


10 When its external tariff is less than prohibitive, the 
union will collect tariff revenues, which may be shared 
by the residents of the union in a variety of ways. Since 
the welfare of the member countries will be affected by 
the particular distribution scheme adopted, the willing- 
ness of a given country to participate in the union will be 
influenced, among other things, by its share in union 
tariff revenues. 

As for the transfer payments from one member coun- 
try to another, it has been shown by Meade [11], for 
example, that the introduction of such payments will 
produce shifts in offer curves due to the fact that na- 
tional expenditure will no longer equal national income. 


and Massell [4].% In all three papers, 
terms-of-trade effects are assumed ab- 
sent. Hence, for each country acting on 
its own, the welfare-maximizing tariff is 
the zero tariff. For any given country, a 
small customs union may or may not be as 
beneficial as unilateral freeing of trade, 
depending upon whether the lowest-cost 
producer of its importable commodity 
becomes a member of the union or re- 
mains outside.” What remains to be 
established is whether these conclusions 
are applicable to the case of the union 
which is large enough to alter the terms of 
trade. 

Consider Figure 2. Let OW 4° and OW p° 
represent the group offer curves consistent 
with various tariff levels in various 
countries, but with no trade restriction in 
countries A and B.“ For the latter two 
countries, the relevant offer curves are 
OA?’ and OB’, respectively. The world terms 
of trade are given by OT,; A is in equi- 
librium at point Q,° on indifference curve 
I£, while B is at Q on J». It is possible for 
either country to raise its welfare by 
imposing an appropriate tariff, particularly 
if neither the other country nor the 
countries making up the rest of the world 
retaliate. Thus, if country A alone imposes 
a tariff such that OA’ becomes its revenue- 
redistributed offer curve, OW.’ consti- 
tutes the new A-group reciprocal demand 
curve and OP, gives the new world terms 


u For an argument supporting customs union as a 
form of coalition see Arndt [1]. 

4 Vanek [16] is an exception as far as this assumption 
is concerned. 

B We are presently concerned solely with the special- 
ization and terms-of-trade arguments of customs union. 
It is recognized that whatever the benefits or losses asso- 
ciated with these factors, there may be numerous other 
reasons which may favor a particular customs union. 

u The curvature of the group offer curve has been 
accentuated deliberately in order to clarify the exposi- 
tion of the argument. Use of more elastic aggregate 
offer curves would produce crowding of the various 
points in the diagram, since the relative terms-of-trade 
shifts upon which much of the analysis is based would be 
correspondingly smaller. 
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of trade. Country A’s new equilibrium 
will be established at the point of inter- 
section of OP, and OA’; the welfare gain 
implicit in this policy is clear at once. 
Analogous remarks apply to country B 
and line OP;. Retaliation by other coun- 
tries, however, is likely to occur and hence 
to reduce or offset the favorable effects of 
unilateral tariff manipulation. This point 
can be ignored in the small union case, 
but it is of crucial importance in the 
present situation. 

Assume next that both countries have 
in fact pursued past tariff policies and 
that OA’ and OB’ indicate their respective 
revenue-redistributed offer curves. OW x’ 
and OW,’ are the resulting group offer 


curves. The terms of trade are given by 
OT; A is now at Q,’ on indifference curve 
I,/ and B is at Oy on Iy A’s welfare has 
improved relative to its no-tariff situation, 
while that of B has worsened. Starting 
with these conditions, and all other things 
unchanged, neither country’s preferred 
strategy consists of unilateral, nonpref- 
erential tariff abolition, since this would 
lead to inferior positions Q,” and Qs, 
respectively. 
However, it may be equally impossible 
for either country to gain from further 
tariff manipulation. An increase in country 
A’s tariff at point Q,’, for example, will 
shift the offer curves belonging to A and 
its group inward and move the terms of 
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trade, OT, in a clockwise direction. The 
proportional displacement of the terms of 
trade will be smaller relative to the given 
proportional increase in the tariff, the 
smaller is the country within its own group 
and the larger is the number of trade 
reversals produced by the movements in 
the terms of trade. Trade reversals will 
inhibit the change in the terms of trade 
by placing pressure on OW;' to move 
inward and OW,’ to move outward. In 
the limit, a tariff which causes OA’ to 
shift while it leaves OT, unchanged will 
clearly reduce A,’s welfare. 

As an alternative, suppose that the two 
countries form a union, initially with a 
prohibitive tariff. The union price ratio is 
then given by OT, and trade equilibrium 
within the union is established at Q, with 
A on indifference curve J," and B on I. 
Country B’s welfare has improved relative 
to the initial tariff situation, while A’s 
has worsened. It is possible, however, for 
appropriate transfers from B to A to 
enable the latter to reach indifference 
curve I, thus making it indifferent be- 
tween the union and the earlier tariff 
situation, while leaving union member- 
ship preferable to B. A marginally larger 
transfer payment will make customs 
union more desirable for both countries.” 

The foregoing conclusion depends upon 
several assumptions. First, the pre-union 
tarifis were assumed optimum tariffs for 
the two countries. Second, it was noted 
in an earlier section that the particular 
elasticities of the various curves, as well as 
the relationships between individual coun- 
tries ‘and their groups will affect the final 
outcome; for example, our results will 
change if elasticities are such that the 
indifference curves associated with the 
pre-union tariffs intersect in the area 


below curve OA*. Third, and most im- 


4 As indicated in footnote 10, introduction of transfer 
payments will relocate offer curves and their origins. 


portant for present purposes, the union 
tariff was prohibitive. 

In order to examine the nonprohibitive 
case, we note the following. The price 
ratio in the outside world which results 
from a prohibitive union tariff may coin- 
cide with or it may lie on either side of 
OT and this set of ratios clearly includes 
those which lie above OT,. The actual 
relative position will be determined both 
by the sizes of the two countries and by 
their respective pre-union tariffs.@ As- 
suming that union autarky produces 
terms of trade in the outside world which 
are flatter than O7,, the intra-union 
price of Y will increase as the tariff is 
lowered; at unchanged outside tariffs, the 
price of Y will fall in the outside world. 
From the union’s point of view, this has 
two important results. First, the lower 
tariff, and thus the more advantageous 
price of Y, will make the union increas- 
ingly more desirable to country A without 
eliminating its attractiveness to B, unless 
the final price ratio within B is equal to or 
worse than O7;. Second, the tariff will 
produce revenue which the union can 
distribute as compensation to A. It would 
thus appear, that country A, having 
pursued an aggressive tariff policy prior 
to union, will display considerable in- 
terest in a moderate union tariff. The 
argument for the case in which the world 
terms of trade under union autarky lie 
above OT, may be derived in analogous 


- fashion. We see in this instance that A 


will push for high union tariffs, 

We have assumed throughout that the 
rest of the world remains completely 
passive. Yet it is clear that the changes 
we have discussed will affect other coun- 
tries. For instance, unilateral tariff re- 


16 We recall that OW4' and OW p’ correspond to the 
given pre-union, nonprohibitive tariffs in A and B, 
respectively. Complete withdrawal by the two countries 
from trade with the rest of the world will produce out- 
side offer curves which lie inside OW 4’ and OW p’. 
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duction by A will worsen the terms of 
trade of others in group Wa: these coun- 
tries may thus initiate retaliatory tariff 
policies. Similarly, in the post-union world 
the countries in one of the groups will be 
worse off in the sense that the terms of 
trade will have moved against them; they 
too may retaliate. The union is thus likely 
to produce alterations in the tariffs of 
many countries, and, as shown earlier, 
not all of these changes will result in 
higher rates of protection. 


IV. Conclusion 


Whenever a customs union assumes 
proportions which provide it with suff- 
cient economic power to influence the 
prevailing terms of trade, the resulting 
impact on welfare may either augment 
or offset the welfare changes due to 
preferential tariff reductions. Some of 
these possibilities have been investigated, 
particularly by Vanek [16], within the 
framework of a three-country model.” In 
the preceding sections we have attempted 
to widen the inquiry by moving away 
from the customary three-country anal- 
ysis. Certain conclusions have emerged 
from this broadened investigation. First, 
it is no longer particularly meaningful— 
except for union among all of the exporters 
of a given commodity—to argue that the 
customs union will do one thing or another 
to the terms of trade faced by the outside 
world. Rather, shifts in the terms of 
trade will produce welfare gains for some 
countries and losses for others. Whether 
the net effect constitutes loss or gain is 
then a function of the welfare weights 
attached to the different countries (or, 
more correctly, to the different indi- 
viduals who reside in these countries) and 
of the possibility of income transfers be- 
tween countries. 

17 Mundell [15] has also examined the effects of tariff 


preferences on the terms of trade. See also his discussion 
of the effects of trade taxes [14]. 


Further, we conclude that it may be 
rational policy for some countries to push 
for the establishment of a given customs 


„union, but nevertheless to refrain from 


joining that union. Increased market 
share and growth potential outside the 
union which accrue to a country as a 
result of the formation of the union will 
cause that country to elect nonmember- 
ship. Finally, we have seen that, viewed 
as one of several types of tariff policies, 
customs union may be superior to non- 
preferential tariff policy. Not only will 
there result welfare changes due to varia- 
tions in the terms of trade, but the tariff 
revenues collected by a nonprohibitive 
union may be distributed in a variety of 
ways which again affect welfare of, and 
hence the desirability of, the union to a 
given country. 

An interesting by-product of the fore- 
going analysis is the suggestion that 
optimum tariff strategy may dictate that 
some countries remaining outside the 
union reduce their prevailing tariffs. Much 
depends upon the extent of tariff warfare 
prior to formation of the union, and thus 
upon the dynamics of tariff competition 
about which very little is known. It is 
nevertheless intriguing to speculate about 
the extent to which the existence of the 
European Economic Community facil- 
itated the Kennedy Round. 
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Public Utility Pricing and Output 
Under Risk 


By GARDNER Brown, JR. AND M. Bruce JoHNson* 


The theory of publicly produced private 
goods is still in its infancy—a stepchild of 
the general equilibrium competitive model 
of privately produced private goods. Con- 
tributors [1], [2], [7], [8] to the theory 
have generally concluded that production 
should be pushed to the point where price 
equals marginal cost. Consequently, any 
public authority that produces and sells a 
private good will discharge its responsi- 
bility in an optimal manner when it acts 
as if it were a competitive industry and 
prices at marginal cost. 

The purpose of this paper is to introduce 
elements of risk into the analysis in ways 
that seem analytically and empirically 
plausible. The authority is assumed to be 
confronted by a product demand func- 
tion subject to a stochastic disturbance 
term. The social welfare function that the 
authority maximizes is the algebraic 
difference between expected willingness to 
pay and expected costs. We conclude that 
the optimal price will always be lower and, 
with linear demand, the optimal output 
will generally be higher than their counter- 
parts in the riskless model of traditional 
theory, regardless of the manner in which 
the disturbance term enters the analysis. 
Thus, although the model is a natural ex- 
tension of the existing peak-load models to 
a world with risk, the implications for 
price and output policy are significantly 
different: the authority will fail to recover 
its capital or capacity costs unless the en- 
vironment also includes perfect risk 
markets. In that event, the revenue lost 
because of the socially optimal price and 

* The authors are, respectively, assistant professor of 
economics, University of Washington and associate 


professor of economics, University of California, Santa 
Barbara. : 
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output policy of the authority can be 
recovered through its operations in the 
futures market for the good or the service. 


I. Riskless Demand 


The demand function of received theory 
is exact, and the social welfare function is 
simply the sum of consumers’ surplus and 
total revenue minus the cost of the re- 
sources used in the production of the out- 
put.1 Suppose the demand function is 
written as Q=X(P) where the function is 
single valued, monotone decreasing, and 
differentiable. Consumers’ surplus plus 
total revenue is more conveniently ex- 
pressed as a function of Q; hence X—(Q) is 
used to define the welfare index: 


Q’ 
a wef XO — C(O). 


Suppose that total cost is a separable func- 
tion of operating and capacity cost. Define 
the two costs per unit of output as b and £ 
respectively; then C(Q)=(b+6)Q, the 
type of cost function that has been used 
extensively in the literature on peak-load 
pricing problems.? Substituting this cost 
function into the welfare function and 
maximizing with respect to Q’ yields: 


(2) P=b+8. 


A geometric exposition of this result is 
given in Figure 1. The equilibrium levels 
of the welfare-maximizing price and 
quantity are determined by the intersec- 
tion of the demand function and the 


1 For an excellent discussion regarding the conceptual 
existence and legitimacy of consumers’ surplus, see 
Patinkin [6]. 

3 The average capacity cost per unit of output as- 
sumes, of course, that the plant is fully utilized; Hirsh- 
leifer [8, p. 814]. 
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long-run marginal cost (LRMC) function. 
The short-run marginal cost (SRMC) is 
given by the constant operating cost (b) 
up to the equilibrium output (Q*); SRMC 
becomes vertical at fixed capacity. 

Recent contributions to the literature 
enable us to proceed one step further; for 
example, see O. E. Williamson [8, pp. 
816-27]. If the demand function shifts 
through a known cycle within a demand 
planning period, different prices will be 
charged for peak and off-peak times. Sup- 
pose, for the sake of expositional sim- 
plicity, Xi(P:) and X.(P:) represent the 
off-peak and peak demand and each occurs 
for some fraction of the overall planning 
and production period (Figure 2). Let 
these fractions sum to one and be repre- 
sented by w and wz. 

The new welfare function for the period 
is then given by 


: a 
3) W= w f X~1(Q1)dQ1 


a 
tan f xQDa0, 


— wbQi — wb; — BQ? 


where the benefits and costs of each of the 
two demand functions are weighted by the 
fraction of the cycle in which they occur. 
If the capacity of the plant is entirely used 
in both periods, the equilibrium condition 
is given by equation (4) and the situation 
is depicted in Figure 2. 





dw 
(4) gg 7 Pat Pam — (6+8) =0 
for Q = Qi = Qi. 


Equilibrium prices Pf and Př clear the 
market in each of the subperiods (of equal 
length in this case). The demand-for- 
capacity curve introduced by Williamson 
and shown in Figure 2 with the label X(P) 
determines the equilibrium capacity Q*. 

On the other hand, if the peak and off- 
peak demand functions are widely sep- 
arated in the price and output space, the 
off-peak demand. function Xi(P;) may 
intersect the SRMC curve on its horizontal 
rather than its vertical portion. This would 
imply that the plant is not used to full 
capacity during off-peak phases of the 
cycle and would warrant the partial differ- 
entiation of equation (3) with respect to 
Qi and Q4. The equilibrium conditions then 
are: 


(5) Py=b and ey ee 


We 


4 


The off-peak price P; is set equal to margi- 
nal operating costs, and no capacity 
charges are levied against this type of use 
of the facility because capacity is not 
scarce during the off-peak period. The 
peak charges, however, include short-run 
operating charges and full-capacity 
charges. Although no diagram is presented 
to illustrate this case, it may easily be 
visualized. 

The preceding peak-load model can be 
generalized to any number of subperiods 
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or subcycles with relative ease, and the 
model seems to be perfectly general since 
it does not require any particular set of 
properties for the demand function beyond 
the usual ones. 


Il. Stochastic Demand 


How are the demand functions identified 
empirically during the peak, interim, and 
off-peak portions of the cycle? Un- 
doubtedly some plants experience predict- 
able cycles of demand but others, it may 
be supposed, experience a great deal of 
random variation juxtaposed on the cycles 
of peak and off-peak loads. The problem 
raised by stochastic variation in the 
demand for a public service is discussed 
here and can be easily extended to include 
cases in which random shocks exist in the 
peak-load and off-peak-load cycle; the 
conclusions are qualitatively comparable 
to the simpler situation. 

Figure 2 visually represents the problem 
raised by uncertainty. Suppose that each 
of the two demand curves depicted occurs 
50 per cent of the time during the planning 
and production period. But further sup- 
pose that the plant manager does not 
know which curve will appear in the first 
half of the period and which in the second. 
He must, by assumption, announce a price 
and output for each half of the period 
prior to the opening of the period. If he 
is very fortunate, he will announce a price 
of Pf and will experience the off-peak 
demand function X,(Pf). However, if the 
peak demand X.(P?) occurs, an enormous 
excess demand will have to be eliminated 
by nonprice rationing methods of one sort 
or another. Conversely, had he chosen the 
price Pj, built capacity Q* in anticipation 
of X.(P7), and then the off-peak demand 
occurred, there would be no sales. Adop- 
tion of a different pricing rule, say P=b 
+8, would produce only a marginal 
improvement. Off-peak demand would be 
met and excess demand at peak times 
would be reduced, although not to zero. 
In any event, it is rather unfair to ask 


such questions of a peak-load model 
défined for conditions of perfect certainty. 
Instead, a new welfare-maximizing model 
embracing conditions of uncertainty will 
be specified. 

In such a model some product or service 
is provided by a public authority who has 
been directed to maximize expected social 
welfare. The authority must assign values 
to price, P, and capacity output, Z, before 
the production period begins and before 
actual demand is known. The problem will 
be simplified by the assumptions that 
storage costs are known to be greater than 
any future price and that disposal costs of 
unsold output are insignificantly small. 
The properties of the riskless demand 
function are: 


(6) Q=X(P), X'(P) <0, X-(0) finite. 
Uncertainty (or, more properly, risk) may 
enter the demand function in a number of 
ways. Generally, the demand function 
may be expressed as 

(7) D = D(P, u) 


where actual demand D is a function of the 
announced price P and u where w is a 
continuous random variable. Of particular 
interest are the additive and multiplica- 
tive formulations: 


(8) Di =X(P)+u and D, = X(P)s, 
which will be analyzed separately. 


A. The Additive Model 


Assume that the plant manager knows 
both the demand function X(P), and the 
exact form of the continuous probability 
density function f(u). The following prop- 
erties are attributed to f(u): 


+o ? a 
O) fO iddu = 0, Fla) = S fedd, 


Bi +2 
f uaf(udn < æ. 


Having announced a price there will be a 
corresponding X (P) to which nature will 
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add a random term. Therefore, actual sales 
of the product or service are 


(10) S= ie +u, 


If the actual demand, D(P, ), is less than 


IR 
u> Z- XP)” 


capacity output, Z, then D will in fact be . 


actual sales, S. However, if at the an- 
nounced price, P, a value of u should occur 
such that D(P, u) is greater than Z, actual 
sales will be equal to capacity output. 
Sales cannot be greater than Z although 
demand may be greater.’ 

Linear cost functions introduced earlier 
remain in force. The symbol b represents 
the constant marginal variable cost of 
producing the good or service in the 
production period. For many facilities, 
say the traditional “bridge” in public 
finance, b may be zero. For other commodi- 
ties or services it may be the most impor- 
tant cost element of the total cost function. 
In the case of a public park, b can be 
interpreted as the variable cost incurred 
when a campsite is used (cost of protecting 
its occupants during their stay and the 
cost of cleaning up after they have de- 
parted). The cost for one unit of Z during 
the demand period is £, and corresponds to 
a one-period rental rate. Total capacity 
cost equals BZ, but total variable cost is the 
product of b and actual sales S during the 
period. Thus, production (or capacity) cost 
is known with perfect certainty; operating 
cost is known subject to a probability 
distribution. 

Following closely the pattern estab- 
lished by earlier riskless theory, the 
arguments of the welfare function to be 
maximized include the expected value of 
willingness to pay, the expected value of 
variable cost, and the capacity cost known 
with certainty, once that capacity has 
been chosen, 


(11) W = E[willingness to pay] 
— Elaverage variable cost- sales] 
— E[capacity cost}. 





FIGURE 3 


The actual welfare function can be con- 
structed piece by piece with the riskless 
demand function, X(P), serving as a 
benchmark (Figure 3). Suppose the plant 
manager arbitrarily chooses values Po and 
Zo before he knows the actual value of u. 
Then if the value of the random variable 
which turns up is negative and large 
enough in absolute value, demand will be 
less than or equal to the capacity of the 
plant.4 

The relevant areas under the demand 
function are consumers’ surplus and total 
revenue. The expectation of the sum of the 
areas when demand including the shock 
term is less than capacity Zo, is (12). 

Note that the expectation taken from 
—o to + is not strictly correct be- 





3 In other words, capacity output is chosen before w is 
known. Actual output is chosen after u is observed by 
setting actual output equal to the smaller of capacity 
output and actual demand. 

4 The intercept of the demand function X(P)++ is 
computed by setting demand equal to zero and solving 
for the inverse, X-1(—1). 
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cause it includes those ‘occasions when 
demand will be greater than capacity 
output. The overestimate is accounted for 
in the loss functions below. 

When u takes on large positive values, 
actual demand will be greater than output 
and losses in consumers’ surplus and in 
total revenue occur. This is illustrated in 
Figure 4 where the explicit assumption is 
made that when output falls short of 
demand, available output is distributed to 
individual customers on the basis of their 
valuation of the marginal unit of the good.’ 
The losses in surplus and revenue are 
denoted Lı and L and their expectations 
are given by (13).® 

Since E(Lı) and E(L,) are positive 
only when u>Z—X(P), this furnishes the 
lower limit of integration on the integral 
involving u. 

Expected sales (14) equal the expecta- 
tion of demand, X(P)-+u, over the entire 
range of the random variable minus the 
truncated mean whenever demand exceeds 
capacity.” 

The product bE[S], together with $Z, 
gives the cost arguments which contribute 
negatively to welfare. After some re- 
arrangements of terms, the explicit expres- 
sion for W is obtained by subtracting 
expected losses and costs from expected 
gross willingness to pay in (15). 

When W is differentiated with respect to 
price and capacity, the first-order condi- 
tions for maximization of the welfare func- 
tion are in (16). 

It is easily shown that the second-order 
conditions for maximization are also 
satisfied. After simplification the first-order 
conditions indicate that price equals short- 
run marginal operating cost and optimal 

5 We assume that purchasers are ranked according to 
their willingness to pay for the product even though all 
pay the same price Po. 

* The value of price at the intersection of the vertical 
capacity curve and the demand function X(P)+# is 
obtained by setting X(P)+e=Z and solving for 
P=X-(Z—u). 

1 For a lucid discussion of expected demand in a 


monopoly model see E. Mills [5, pp. 82-99], an analysis 
to which the present authors owe mi 


capacity should be chosen such that margi- 
nal capacity cost is equal to the truncated 
mean of the difference between the willing- 
ness to pay and the actual price for the 
marginal disappointed purchaser of the 
commodity .® 

These results differ sufficiently from the 
equilibrium conditions of the riskless 
model to warrant further discussion. The 
introduction of risk into the analysis re- 
quires the authority to choose levels of 
price and output simultaneously. Optimal 
price is below LRMC and, more precisely, 
is driven down to SRMC because of the 
nature of the maximand. Given that the 
optimal price is below the riskless optimal 
price, the law of demand would seem to 
suggest that optimal output will be greater 
than equilibrium output in the riskless 
model. 

The necessary conditions given in (15) 
and (16) cannot readily be solved for the 
optimal output since the integral in (16) 
uniquely depends on the probability 
density function f(u) and the demand 
function X(P). Consequently, for illustra- 
tive purposes a linear demand function is 
introduced and it will be shown that opti- 
mal output is unambiguously greater in 
this model with risk than it is in the tradi- 
tional deterministic model. 

The strategy will be to set Z equal to 
riskless Z in (16) and show that the 
expression is greater than rather than equal 
to zero. Clearly, the implication is that the 
riskless capacity level is too small, that the 
marginal contribution of capacity to the 
welfare function is still positive, and that 
for (16) to be satisfied, optimal capacity 
must be greater than riskless capacity for 
all admissible demand functions. 

Let X(P)=A+BP where A>O and 
B<0. From the riskless model we know 


t We have assumed that those purchasers with the 
greatest willingness to pay are serviced first. If any other 
assumption is made about the actual distribution of the 
commodity or service to the potential buyers, the 
shadow price of an extra unit of output obtained 
through additional capacity would be higher and would 
yield an even larger value of Z. 
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© X (~u) i 
(12) f f(u) f A [X(P) + uldPdu + PX(P) for X(P)+4<Z 


+o XI (Z—u) 
E[L] = f TE f(u) f > [X(P) + u — Z|dPdu 


(13) 


for X(P) + u > Z. 


+a 
E[L,| = f f(u)P{[X(P) + u — Z]du 
Z—X (P) 


(14) Els] 


“foo +o 
= f KOXP) + sdu — fs 
0 Z~X(P) 


(u)lu — (Z — X(P)) du 


pe x(u) 
(15 W= f f(t) f > [X(P) + uļdPdu + PX(P) 


w 


$ flu) { f. PEA [X(P) + u — Zļ]dP + P[X(P) + u — zì} du 


Z—X(P) 


E bfx) f uf(u)du + [Z — xof, 


fee) aut — BZ 


(16) x = PX'(P)F[Z — X(P)] — bX'(P)F[Z — X(P)] = 0 


ow f = 
6Z ZX (P) 


that output will be determined by the 
intersection of the riskless demand func- 
tion and the LRMC function. Conse- 
quently, P=6+8 and Z=X(b+ 8) where 
the bar denotes riskless Z. Substituting for 
X(P) and Z in (16) gives: 


wo 1 w% 
(17) ef seam — JK uf(u)du = 6. 


It must be proved that 
for [— 4/(6 + 8)] < B <0, 


the admissible set of values for B. The first 
inequality insures that demand is positive 
and that a solution exists in the riskless 
case with which the comparison is being 
made; the second obviously restricts the 
investigation to downward-sloping demand 
functions. By inspection it is clear that 


>o 


fi) [XZ — u) — bldu — 8 = 0. 


the limit of ô as B goes to zero from below 
will be positive; similarly, ô goes to zero 
from above as B—[—4/(b-+8)]. Conse- 
quently, optimal capacity must be greater 
than riskless capacity: Z*>Z. 


B. Multiplicative Model 


Assume that actual demand is defined as 
D=X(P)>v where v is a positive random 
variable distributed according to the 
continuous probability density function 
g(v) where Z[v]=1. Figures 5 and 6 indi- 
cate that the intercept X~1(0) is indepen- 
dent of the value taken by the disturbance 
term. 

The welfare function comprising ex- 
pected consumers’ surplus and expected 
costs is constructed along lines parallel to 
the additive case discussed above. From 
Figure 5 the expected gross willingness to 
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pay, given Po and Zo, is 
% x70) 
(18) f glo) f oX(P)dPdv+PX(P). 
0 P 


However, since » may take on values 
that lead to excess demand for arbitrarily 
given Po and Zp, the expected losses in 
consumers’ surplus and total revenue 
labeled Lı and Zz in Figure 6 must be 
computed.® 


(19) E[LZy+Le] 


o XZ») 
=f wf Xezri 
ZIX (P) P 
+ 


ZIX(P}) 


g(v) P[X(P)v—Z] do. 


Expected sales in this model equal the 
expectation of demand over the entire 
domain of the random variable, minus the 
truncated expectation of excess demand 
whenever demand exceeds capacity (i.e., 
whenever v>Z/X(P)). 


(20) E(S) = X(P) 
— OLX (P) — Z]do. 
Z/X(P) 
Now form the welfare function by sub- 
tracting the sum of expected losses and 


? The value of price at the intersection of the vertical 
capacity curve and the demand function is obtained by 
setting X(P)v=Z and then solving for P=>X-1(Z/s). 
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costs E[Z:tL.|+0E[S]+8Z from the 
expected gross willingness to pay in equa- 
tion (18). Necessary conditions for mazi- 
mization of the welfare function are that 
the partial derivatives with respect to P 
and Z vanish. This implies, after simplif- 
cation, 


(21) p=od and 


J peli 


Notice that this result is qualitatively the 
same as that obtained in the additive case. 
Optimal price equals marginal operating 
cost and optimal capacity output should be 
chosen such that the truncated expecta- 
tion of the willingness-to-pay of the margi- 
nal disappointed user is equal to marginal 
capacity cost. Just as in the additive case, 
optimal price is lower under risk than it is 
in the traditional deterministic model? 
where P=0+68. 

Given the assumption of a linear demand 
function, we wish to show that if optimal 
capacity output under risk were equal to 
riskless capacity, the partial derivative of 


10 The invariance of these results with respect to the 
additive and multiplicative formulations of the model 
is not without interest in view of established results 
from profit maximizing under uncertainty. “The opti- 
mal price under multiplicative uncertainty is always 
greater, and under additive uncertainty always less, 
than the optimal price set in the equivalent determin- 
istic monopoly models” (emphasis added); Karlin and 
Carr (4, p. 160]. 
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the welfare function with respect to 
capacity Z (ie., equation 21) will be 
greater than zero thus signifying that 
capacity should be expanded until the 
contribution to welfare is zero at the 
margin. Let X(P)=A+BP as before. 
Then, 


(22) (Stoe) f a 


v0 


s ($+ 8) f “eer apm 


A + BO +8) 
A + Bb 


under the assumption that Z= Z= X(b+8). 
The admissible values of B are 


[-4/(o + B)] < B<0. 


As B->0, v1, and (A/B)-—. But 
(22) can be rewritten: 

v 

Ja 


E 
-s[i -f w Za] 


Since the truncated expectation of 
[(1—»)/v] will invariably be negative, the 
limit of ô as B goes to zero from below will 
be positive. As B>[—A/(b+8)], —BB 
—(A+Bb), 170 and 6-0 from below. 
Thus it is obvious that Z*>Z unless 
demand is very elastic and 8 very large. 
Consequently, optimal output under con- 
ditions of risk will generally exceed the 
corresponding output from the traditional 
riskless model given linear demand. This 
is qualitatively similar to the result 
derived in the additive case. 


where v = 





C. A Special Case: The Rectangular 
Distribution in the Additive Model 
For illustrative purposes consider the 


example of the linear demand function 
X(P)=A-+BP and the rectangular dis- 


tribution"! where f(u) =1/2). This specifi- 
cation enables us to integrate the first- 
order condition and to solve the resulting 
quadratic for the optimal value of output. 


(24) Z* = A+ Bb +A + 2(—dBp)" 


The negative root is clearly the economi- 
cally relevant one here, inasmuch as the 
positive root would indicate an output 
greater than the maximum admissible 
value of actual demand. 

It is instructive to compare the value of 
Z* derived here with the value of output Z 
derived from the comparable riskless case. 
In the latter, P=0+6 implies Z=A 
+B(b+8). The comparison is achieved 
by examining the difference 


(25) Z2* —Z = — 2(—A B6)? — B8 


Multiply both sides by the positive con- 
stant A. Then 


(26) A(Z* — Z) = [A — (—ABe)?]. 


Since A>0, it follows that Z*—Z>0. If 
A= — BB, Z*=Z. In general, output under 
conditions of risk is larger than under 
perfect certainty; given a linear demand 
function subject to an additive disturbance 
termi distributed according to a rectangular 
probability law, optimal output exceeds 
expected sales.? 

The effects of changes in the parameters 
in the solution for Z* can be shown by 
differentiating (24) partially with respect 
to the parameters. Z* will increase with 
increases in A and B and will decrease with 
increases in b and 8. Nor is there any 
diffculty interpreting these partials: in 
geometrical terms, as the demand curve 
becomes steeper in the traditional price- 
quantity diagram, optimal output in- 

u To insure nonnegative demand we assume ASA 
+Bb. Thus, at the optimal price P=} actual demand 
X(P)-+# is greater than (u> —\) or equal to (= —A) 
ON Ga Cid pel cei! epee Galea: ened Habs 
sales. To show this, substitute Z* into the expression for 
expected sales. 
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creases. As marginal operating and ca- 
pacity costs increase, optimal output will 
be reduced. Finally, the first partial 
derivative of Z* with respect to Xd is 
uniformly positive for —BB<\<A+Bb. 
As \->— BB, Z*->Z = A+Bb+ Bf, riskless 
demand. In general, optimal output will be 
greater than riskless output for admissible 
values of the parameter X. 


Il. The Way Back 


The formulation of the welfare function 
in a riskless neoclassical world insures that 
net revenue is identically equal to zero. By 
contrast, the formulation of a comparable 
social welfare function when the demand 
function is stochastic provides an optimal 
price and output which insures that the 
public agency will have negative net 
revenues from its activities; short-run 
operating costs will be recovered but 
capacity cost will not. There are prece- 
dents in the literature for these conclu- 
sions; for example, see the work of Pro- 
fessor H. Hotelling in the area of decreas- 
ing-cost industries [3]. However, our ex- 
tension of these results by a conceptually 
distinct analysis to usually well-behaved 
cost curves may be unique. We suspect, al- 
though from admittedly casual empiricism, 
that the model we have proposed may be 
surprisingly consistent with observed be- 
havior in the so-called real world. The 
practice of subsidizing capacity costs from 
general funds and covering operating costs 
out of user charges is not an unusual prac- 
tice, in other words. 

The analysis presented here indicates 
that optimal policy calls for a lower price 
and generally a larger quantity than would 
be obtained from the traditional model in a 
world without risk. Suppose perfect risk or 
futures markets exist in the world of our 
model and that the public authority 
chooses price and quantity according to 
the dictates of the risk model presented 
above. Potential speculators would cer- 


tainly recognize that in particular periods 
the stochastic disturbance term could 
produce a demand so low that excess 
capacity would exist at the announced 
price and, consequently no benefit would 
accrue to those individuals who held the 
right or reservation to buy the service or 
good during that period. The right would 
be worthless. 

By the same argument, the disturbance 
term could also produce demand so large 
in other periods that the speculator who 
held the right to buy the good or service at 


` the public authority price, could sell his 


right in the spot market for the premium 
X-\(Z—)—b. If speculators calculate the 
expected value of this premium they will 
conclude, of course, that it is equal to $ 
since that was the way the authority 
initially determined output. 

If the public authority wants to cover 
its capacity costs, the prescription is plain. 
Enter the futures market and sell Z* 
rights to the good or service at a price of 8 
each. Speculators will be willing to pay 
that price, but no more. Thus, on the 
average, the price per unit of output paid 
by the consumer will be equal to b+ 8, the 
actual price that holds in the riskless 
model even though optimal output is 
greater than riskless output! 
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The Structure of the Money-Expenditures 
Relationship 


By Sam PELTZMAN* 


_ Some recent studies (e.g., [1] [6]) have - 


found it useful to treat the demand for 
money within a stock-adjustment model. 
The intended change in money balances 
held is represented as an attempt to 
adjust the stock of money held currently 
to the desired or long-run equilibrium 
stock demanded. One form that these 
adjustments take will be expenditures on 
goods and services. In fact, its relationship 
to total expenditures or income is the most 
important basis of the economist’s interest 
in the demand for money. Therefore, a 
model which explains the demand for 
money successfully should be useful in 
explaining the behavior of expenditures on 
goods and services. This paper investigates 
the empirical usefulness of a stock-adjust- 
ment model in explaining the relationship 
of money to expenditures. 


I. Stock-Adjustment in the Money- 
Expenditures Relationship 


Traditional monetary theory has used a 
stock-adjustment model of a restricted 
form to describe the money-expenditures 
relationship; we shall simply drop some of 
these restrictions. As a starting point, 
consider the simple quantity theory of 
money. For our purposes, we can write the 
behavioral relationship it generates in the 
linear form: 


* The author is assistant professor of economics, Uni- 
versity of California, Los Angeles. He is indebted to 
Dennis Jesmok and Michael Carney for research assis- 
tance, and to the Bureau of Business and Economic Re- 
search, University of California, Los Angeles for financial 
assistance. 


129 


E * 
(1) (Z) i) 
= a|(E/M)* — (E/M)|, where 
E = total expenditures 
.M = the quantity of money 
a = a constant coefficient of adjustment 


* denotes expected or intended value. 


This says that intended changes in the 
ratio of expenditures to money—i.e., 
velocity—occur in response to a discrep- 
ancy between desired and actual velocity. 
The simple quantity theory specifies that 
desired velocity is a constant, assumes 
equality of intended and actual changes in 
velocity, and sets the adjustment coeffi- 
cient equal to one. That is, it assumes that 
there is continuously complete adjustment 
to any discrepancy between desired and 
actual velocity. While we shall relax the 
constant-desired-velocity assumption, our 
main concern will be to relax the assump- 
tion of continuously complete adjustment 
of actual to desired velocity. 

Economic theory does not, in fact, sug- 
gest that such adjustment will be contin- 
uously complete. Some costs of adjustment 
may be sufficiently reduced by an invest- 
ment of time to make the investment 
worthwhile. For example, consider an 
individual who has received an unantici- 
pated increase in his money balances in a 
world with information costs. He will react 
to such costs in goods markets by spending 
some time in sampling them, and thus he 
will spend some time in expending the 
unanticipated money balances. Of course, 
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given the time units over which economic 
data are measured, the assumption that 
adjustment is continuously complete may 
be useful empirically. However, the most 
direct way of determining the empirical 
usefulness of this assumption is to estimate 
the adjustment coefficient in (1) directly; 
this is what I shall do. 

Some of the peculiar empirical conse- 
quences of assuming continuously com- 
plete adjustment of velocity provide 
further motivation for questioning the 
assumption. In practice, the assumption 
leads to tests of the quantity theory which 
regress levels or changes in some type of 
expenditure on levels or changes in money. 
This is the approach of Friedman and 
Meiselman in [4]. Here is a typical result 
of that approach for quarterly data from 
1953 I to 1967 II: 


(E1) AE,=.852X10-?+.406AM 3 
(.166 X 10-*) (.116) 
r= 423, s.e.=.680XK10-?, n=58, 


where standard errors of the coefficients 
are in parentheses, E is consumption, M 
is currency plus demand and time deposits 
at commercial banks, and the changes are 
of natural logarithms. The relationship 
between changes in money and changes in 
expenditures is significant, but the param- 
eters of the relationship include a signifi- 
cant time-trend in consumption and a 
money elasticity of expenditures signifi- 
cantly less than the unity implied by the 
simple quantity theory. The failure of (E1) 
and its variants? to show equiproportion- 
ality between money and expenditure 


1 Some empirical evidence on the demand for money 
already casts doubt on its usefulness. Hamburger [6, p. 
621] concludes that “ ... households seem to be some- 
what slow in adjusting their money balances to changes 
in asset yields and the level of prices. These adjust- 
ments are generally not completed within the quarter in 
which the disturbance occurs, ...” 

2? No improvement over (E1) is obtained if the rele- 
vant money change is viewed as a weighted average of 
past changes. When we added other lagged money 
changes, they were never significant, and the sum of 


changes does not, however, vitiate the sig- 
nificant overall relationship between the 
two. It suggests, though, that we may im- 
prove on the structure of (E1). 

I proceed, then, by retaining the essen- 
tial quantity theory framework contained 
in (1), but I shall not constrain the adjust- 
ment coefficient to unity. First, treat all 
variables in (1) as natural logarithms,’ so 
that it may be rewritten: 


(2) (dE/dt)* = o[(E/M)* — (E/M)| 
+ (dM/dt)*. 


This breaks up an intended expenditure 
change into an expected change in money 
plus an intended change in velocity. At 
this point I simplify by assuming that 
(dM/dt)* is a constant, so all deviations of 
(dE/di)* from its long-run mean are re- 
garded as adjustments to a discrepancy 
between desired and actual velocity. We 
then specify the money-demand function, 
in terms of desired velocity, in the log- 
linear form: 


(3) (E/M)* =6+c(E/P) +e where 
(E/P) = real expenditures 
i = the rate of interest. 


The expected values of c and e are matters 
of some controversy. The sign of e can be 
expected to be positive, and most studies 
of the demand for money find that to be 
the case. However, the estimated size of 
the interest rate response of velocity has 
varied considerably. (See, e.g., [2] [7].) 
Controversy about ¢ goes even further— 





their coefficients was always close to the .4 for the single 
lagged value in (E1). Friedman and Meiselman’s re- 
sults [4, p. 239] are similar. They use absolute changes, 
and the sum of coefficients never approaches the actual 
consumption velocity of money. 

3 From this point on, all variables in upper case are 
natural logarithms, those in lower case are absolute 
values. When a ratio is in parentheses, it may be 
treated as a single variable. Hence, e.g., (E/M)=E— M. 
Also note that the variable on the left-hand side of (2) 
is the intended change in expenditures, not the change 
in intended expenditures. These two will be equal only 
if a=1. 
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there is no conventional wisdom even 
about its sign, at least for the post-World 
War II period from which we shall draw 
our data. Up to this period, the secular 
trend of velocity had been downward, 
indicating that money is a superior good 
(c is negative). However, the postwar 
period has seen a substantial rise in veloc- 
ity, and this has led to conjecture that the 
income elasticity of money has fallen 
below unity. The reason most frequently 
adduced for this changed elasticity is the 
growth of money substitutes in the post- 
war period. Since interest rates have risen 
in this period, the postwar rise in velocity 
may be accounted for by a sufficiently 
large value of e. However, the postwar 
rise in velocity may be explained by 
neither income nor interest rates. For 
example, Friedman and Schwartz [5, Ch. 
12] have argued that most of the postwar 
rise in velocity may be attributed to the 
gradual recognition by money holders 
that the economic environment has be- 
come more stable. Such increased stability 
lowers expected transaction costs for 
nonmoney wealth and so lowers the de- 
mand for money relative to other forms of 
wealth. While we shall not test Friedman 
and Schwartz’s conjecture directly, we do 
want to allow for the more general point 
implied thereby: factors other than income 
and interest rates and specific to the post- 
war period may be responsible for the post- 
war rise in velocity. The validity of this 
general class of argument can be tested by 
including a secular-trend term in the de- 
sired velocity equation for the postwar 
period. Since trend is a proxy for the class 
of “other” factors, the presence of signifi- 
cant secular trend in postwar velocity 
would mean that income and interest rate 
movements cannot explain fully the be- 
havior of postwar velocity. 

Both income and interest rates have 
postwar secular trends of their own. In 
order to measure the independent influence 
of trend accurately we would like to reduce 


the problems associated with the multi- 
collinearity that is introduced by common 
time trends. Therefore, I proceed as fol- 
lows: first, add a trend term (ft) to the 
right-hand side of (3), and substitute this 
expression for desired velocity into (2) 
to get 


(4) (dE/dt)* = a[b + c(E/P)+ ei 
+ ft — (E/M)] + (¢M/di)*. 

Regrouping terms, this becomes 
(4’) (dE/dt)* = [ab + (dM/dt)*\ ` 

+ ac(E/P) + aei 

+ afi — a(E/M). 
The bracketed term on the right-hand side 
of (4’) is a constant, while empirical 
counterparts of the remaining terms all 


have secular trends. However, by taking 
the first derivative of (4’), we get 








a (dE /dt)* d(E/P 
w) K / EN EER = ) 
+ ae(di/df) 
a 


In this form, effects attributable solely to 
trend are expressed in a constant, af, 
which cannot, of course, reflect movements 
in the other variables. af should equal zero 
if postwar movements in velocity can be 
attributed entirely to movements in in- 
come or interest rates; otherwise af will 
be positive. 


Il. Empirical Estimates 


To make (4”) operational, it is assumed 
that intended and actual changes are 
equal. Aggregated quarterly data for the 
United States from 1953 I through 1967 
II‘ are used to construct discrete approxi- 





t This period is chosen so as to exclude effects of the 
Federal Reserve price support program for government 
bonds. This program might, for example, have lowered 
the demand for money by lowering the expected vari- 
ance of bond prices. 
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mations to the variables in (4), and (4”) 
is then estimated by least squares. The 
results are in Table 1. 

These regression estimates employ two 
expenditure totals—personal consumption 
and net national product. Personal con- 
sumption is used as a proxy for “perma- 
nent” income. The inclusion of consump- 
tion in the regressions alongside “mea- 
sured” income is meant to test the hypoth- 
esis that permanent, rather than mea- 
sured, income is the relevant income var- 
iable in the demand-for-money equation. 
This hypothesis has received empirical 
support in other studies [1] [3] [8]. These 
two expenditures totals are used in con- 
junction with three money totals: the 
conventionally defined money supply (cur- 
rency plus demand deposits), conventional 
money plus commercial bank time de- 
posits, and conventional money plus com- 
mercial bank time deposits, mutual savings 
bank and savings and loan association 
deposits. A recursive model is assumed in 
which it takes one quarter for money 
holders to respond to a discrepancy be- 
tween desired and actual velocity; hence 
all independent variables are lagged one 
quarter. 

None of the regressions in Table 1 re- 
ports an interest rate coefficient. The rea- 
son for this appears in the last column. 
The interest rate variable (yield on long- 
term government bonds) does not have a 
significant coefficient in any of the esti- 
mates of (4). Wherever its coefficient is 
“suggestive,” it is of the wrong-sign. On 
the basis of this evidence, we deleted the 
interest rate from our model.’ This poor 


8 In order to save space, we do not report two sets of 
regressions, one with, the other without, an interest rate 
variable. However, we point out that none of the coeffi- 
cients of the other independent variables is changed 
much if the interest rate variable is included. For ex- 
ample, in the estimate on which the interest rate has the 
greatest effect, E5, the coefficient (standard error) of 
the real expenditures and velocity variables are .023 
(.189) and —.565 (.214) respectively. 


performance of an interest rate variable 
tends to support the view that the interest 
rate variable is an unimportant argument 
in the demand-for-money function, but we 
repeat that some other studies fail to 
support this view. I will discuss the other 
aspects of the now simplified demand-for- 
money equation which is implicit in the 
results after discussing the findings for the 
speed of the expenditure-adjustment to 
changes in money. 

First, the stock-adjustment model seems 
to be successful when applied to the 
money-expenditures relationship: balf the 
variance of the dependent variable on one 
definition, and a third on another, can be 
explained by the variables in that model,® 
and the parameter in which we are most 
interested, the stock-adjustment coefficient 
(ie., the coefficient of actual velocity) is 
is always highly significant and of the ex- 
pected sign. Moreover, this coefficient is 
almost always significantly less than unity 
in absolute value, which indicates that, 
for quarterly data, the effects of a money 
change in one period are not completed 
within any one period of similar length. 
On the other hand, the effects do not 
spread over very many periods: 40 to 60 
per cent, depending on the expenditure 
definition, of the discrepancy between de- 
sired and actual velocity is made up in one 
quarter. The total length of effectiveness 
of a change in money depends on the de- 
gree of inflation induced by the money 
change. It takes longer for adaptation to 
a money change the greater the difference 


We experimented with a short rate (treasury bill 
yield) to no avail. The tratios for the coefficients of the 
short rate were 0.28, 0.85, and 1.12 for the three con- 
sumption regressions in order, and —1.28, —0.78 and 
—0.48 for the net national product regressions. The 
highest (positive) point-estimate for the interest rate 
elasticity of desired velocity (measured about the mean 
of interest rate) is .014, this for the short rate in E4. 

* Further, E3 is superior to E1 when E1 is estimated 
in second differences to render it comparable to £3. The 
standard error of estimate of Ei in that form is 
1.030 107. 5 


Taste 1—Ruoression RESULTS, 1953 I Trrovucw 1967 II (58 OBSERVATIONS) 








Expendi- 


Estimate Number and | Constant | Real Ex- | tures- eter 
Description (X100) | penditures Money ee: ay 
Ratio ate 
(1) (2) (3) 
Expenditures defined 
as consumption, and 
money defined as: 
E2: currency plus -750 — 386 — .479 
demand deposits 149 137 157 
E3: currency plus 454 — 421 — .400 
demand deposits 148 -126 121 
plus commercial 
bank time deposits 
E4: currency plus .261 — .372 — 446 
demand deposits 183 141 148 
plus commercial 
bank time deposits 
plus deposits 
at mutual savings 
banks and savings 
and loan associations 
Expenditures defined 
as Net National 
Product, and Money 
defined as: 
E5: Currency plus 494 — 097 — .564 
demand deposits 166 184 220 
E6: Currency plus 121 — .098 — .562 
demand deposits 169 149 161 
plus commercial 
bank time deposits 
E7: Currency plus — .218 043 — .694 
demand deposits 216 ATL 184 


plus commercial 
bank time deposits 
plus deposits at mu~- 
tual savings banks 
and savings and loan 
associations 











Note: The dependent variable is the quarterly first difference of the quarterly change in the natural log of expendi- 
tures. The independent variables are quarterly first differences of the natural log of the indicated variables. All 
independent variables are lagged one quarter. Coefficients are shown above their standard errors. 

R ig the multiple correlation coefficient, s.e. 100 is the standard error of estimate in percentage points, D.W. 
is the Durbin-Watson statistic (which indicates no significant serial correlation in the residuals of any regression in 
the table). The last column gives the ratio of the coefficient of the interest rate variable to its standard error if the 
regression had been expanded to include it. 

Sources of Data: Personal consumption expenditures, net national product, real personal consumption expenditures, 
real net national product all from Survey of Current Business. Money supply data and interest rate (yield of long term 
government bonds) data from Federal Reserve Bulletin. All data are seasonally adjusted with the exception of mutual 
savings bank and saving and loan deposits; preliminary analysis indicated that neither of these series had any strong 
seasonal pattern. Flow variables are annual rates. 
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between the nominal and real expenditure 
change produced by the money change. 
This asymmetry arises on account of feed- 
back between desired velocity and real 
expenditures.” 

I have illustrated both the effects of 
this asymmetry and the speed with which 
changes in money are diffused, in Table 2. 
The effects of two hypothetical money 
changes are presented for the limiting 
cases of pure inflation and no inflation. 
Column (2) in the table shows the change 
in expenditures in successive periods after 
the initial change in money. These num- 
bers are derived from the weights in one 
of the consumption regressions in Table 1, 
(E3) except that the trend-factor, mea- 
sured by the constant term in E3, is ig- 
nored. This is done because the trend- 
factor may be specific to the postwar 
period, and the examples should be gen- 
eral. The numbers in column (2) show that 
the length of effectiveness of a change in 
money and the equilibrium change in 
nominal expenditures are both increased 
substantially when there is inflation.® The 
length of effectiveness of a money change 
is, however, affected little by making the 
change gradual because the adjustment 
coefficient is so large. 

Finally, we compare the results in Table 


7 To illustrate: an increase in money will initially pro- 
duce an excess of desired over actual velocity. If there is 
unemployment, both real and nominal expenditures will 
rise in response to this discrepancy. This reduces the 
discrepancy from two sides: (1) actual velocity rises, (2) 
desired velocity falls; it is negatively related to real ex- 
penditures under one (and, it is argued, the relevant) 
expenditure definition. If there is full employment, how- 
ever, real expenditures do not rise, and the gap is closed 
only on account of the rise in actual velocity. Conse- 
quently, the remaining discrepancy is larger in success- 
sive periods, and it takes longer to eliminate the initial 
discrepancy. This implication of the model deserves 
further study, since Table 2 shows that the asymmetry 
can be empirically important. 

8 The insignificant real-expenditures coefficient in the 
net national product regressions in Table 1 means that 
there are no substantial differences due to inflation in 
the response of that expenditure total to changes in 
money. 


1 with the more simple model in E1. There 
is close agreement between the money- 
elasticity of expenditures in E1 and the 
money-elasticity of expenditures in the 
quarter of maximum effectiveness in E3; 
both are about. 4.9 The generally good fit 
of E1 is attributable to the high value of 
the adjustment coefficient in E3. E3 im- 
proves on E1 by showing the total effect 
of one quarter’s change in money and how 
long it takes to achieve it. 


IN. Implications for the Demand for Money 
and the Post-War Rise in Velocity 


Each regression in Table 1 contains an 
implicit estimate of the demand-for-money 
function. These estimates are notable for 
the decisive way in which they support the 
general class of argument typified by 
Friedman and Schwartz’s reconciliation 
of the postwar rise in velocity with its 
long-run downward trend. Their particu- 
lar explanation, we recall, is that secularly 
“ ...changing views about economic 
stability can account for the magnitude of 
the changes in the velocity of money” 
[5, p. 675]. My results cannot, of course, 
discriminate between this explanation and 
others which rely on exogenous trend-re- 
lated phenomena. However, these results 
do imply strongly that interest rate move- 
ments cannot explain the postwar rise in 


? But there is a one quarter difference in timing. Ex- 
petimentation with alternative lags in Table 1 regres- 
sions proved futile; the one quarter lag model always 
maximized explanatory power. For contemporaneous 
data, the typical actual velocity coefficient was insig- 
nificantly positive, reflecting the effect of common 
forces operating on the dependent and independent 
variables. For two and three quarter lags, this coeffi- 
cient was negative, but insignificant. The magnitudes of 
this coefficient, interestingly, were almost always close 
to that predicted by our model. If a one quarter lag 
model is really appropriate, the E3 adjustment coeffi- 
cient for any lag would be bracketed by the two entires 
for Example 1 in column (2) of Table 2 for that lag, 
divided by 10. For E3 estimated with a two and three 
quarter lag, the stock adjustment coefficients were .083 
and .014 respectively. Similar results obtained for all of 
the regressions in Table 1, and this tends to support the 
choice of a one quarter lag model. 
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TABLE 2—ILLUSTRATIVE EFFECTS OF ĪNCREASES IN MONEY ON CONSUMPTION 
































Number of Values of Dependent 
Quarters Variables in 
=X after Pee Natural Logs 
Ao ange in 
Example ae Consumption Real i Actual 

Money Consumption Velocity 

(1) (2) (3) | (4) 

| Case (a) Less-than-full employment, no inflation 
1. Ten per cent 0 0 0 0 
increase in money 1 4.00 0 — .1000 
in one quarter 2 0.72 .0400 — .0600 
3 0.13 0472 — .0528 
4 0.02 -0484 — 0516 
5 Nil 0486 — .0514 
© Nil 0487 — .0513 
2. Ten per cent 0 0 0 0 
increase in money 1 2.00 0 — .0500 
spread equally 2 2.36 -0200 — .0800 
over two quarters 3 0.42 0436 — 0564 
4 0.08 0478 — .0522 
5 Nil .0486 — 0514 
© Nil .0487 — .0513 
Case (b) Full employment, pure inflation 

1. Ten per cent 0 0 0 0 
increase in money 1 4.00 0 — .1000 
in one quarter 2 2.40 0 — .0600 
3 1.44 0 — .0360 
4 0.86 0 — .0216 
5 0.52 0 — .0130 
© Nil 0 0 
2. Ten per cent 0 0 0 0 
increase in money 1 2.00 0 — .0500 
spread equally 2 3.20 0 — .0800 
over two quarters 3 1.92 0 — .0480 
4 1.15 0 — .0288 
5 0.69 0 — .0173 
© Nil 0 0 


Source: see text; all weights are from E3, Table 1. The initial values of real expendi- 
tures and actual velocity are both assumed to equal 1. All percentages are continuously 
compounded quarterly rates. The money and expenditure changes are to be interpreted 


as deviations from means. 


velocity, nor can the phenomenon be 
explained by some change in the velocity- 
income relationship. 

I concentrate on the consumption re- 
gressions, though many of our conclusions 
about the postwar behavior of velocity 
do not depend critically on this choice. 


This choice of regression form is made on 
the basis of goodness of fit: the consump- 
tion-proxy for permanent income is the 
better expenditures measure (the standard 
error of estimate is the relevant basis of 
comparison). Further, the ordering of the 
coefficients of real consumption and real 
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net national product is consistent with a 
permanent income explanation of long- 
run velocity movements: the latter is 
smaller absolutely than the former be- 
cause of the variance of the “transitory” 
components in measured income. (See [3].) 
These results hold for any of the three 
money totals employed, and indeed there 
is little choice among the three.” 

Since the permanent income elasticity 
of consumption is unity, the consumption 
and permanent income elasticities of de- 
sired velocity are equal. To begin, the 
consumption regressions imply the follow- 
ing desired-velocity equations: 

(E/M)* = constant- (coefficients of) 


X10" (E/P) 
E?’ 1.566 — .806 
E3’ 1.135 —1.053 
EV’ 585 — .834 


We emphasize that (a) these equations are 
estimated only indirectly," and (b) they 
are derived from data taken entirely from 
a period in which the long-established 
velocity-income relationship seems to have 
been reversed completely. In spite of this, 
both estimates are consistent with that 
long-run relationship and with the be- 
havior of postwar velocity.” 

If interest rate movements alone could 
account for the postwar rise in velocity, 
we should have found significantly positive 
interest rate coefficients and insignificant 


10 The broader money definitions seem to work slightly 
better (in particular E3 is the best consumption regres- 
sion and E7 the best net national product regression), 
but this may be an aberration of the period covered by 
our data. There were several changes in the maximum 
interest rate payable on time deposits of commercial 
banks, and this Jed to some once-and-for-all shifting 
from demand to time deposits. This source of error in 
the conventional money series is reduced somewhat by 
the use of first differences in estimating the regressions. 

u They are derived by dividing the constant term 
and the coefficient of the real expenditures variable by 
the absolute value of the coefficient of the velocity vari- 
able (see equations (1) through (4’)), and then ex- 
pressing the result in levels rather than first differences. 

4 When we plug the 1953-1966 changes of the inde- 
pendent variables into the desired velocity equations we 


constant terms in the Table 1 regressions. ` 
In fact, we find just the opposite. This 
implies that those who have explained the 
postwar: rise in velocity by interest rate 
movements have confounded interest rates 
with some other trend-related phenomena. 

If interest rates cannot then account for 
any part of the postwar rise in velocity, 
some part might be attributable to a 
change in the relationship between velocity 
and income. In that event, we should find 
some combination of positive secular 
trend and an absolute decline in the in- 
come elasticity of velocity. However, no 
evidence that the long-run income-velocity 
relationship has been altered is found. In- 
deed, it is remarkable how close my results 
come to duplicating exactly that long-run 
relationship. Friedman [3, p. 338] has 
estimated directly a money-demand equa- 
tion very close in form to mine using 
cycle-average data from 1869-1957. It 
contains a permanent income elasticity of 
velocity of —.810. Two of my three esti- 
mates of this parameter are essentially 
identical to this. Laidler’s estimate of 


obtain the following comparison of actual and predicted 
(i.e., desired) changes: 





Parameters Percentage Change, 11953-1966: 
Derived from 
and Velocity Desired Velocity Actual Velocity 
as Defined in 

E2 49.56 53.15 

E3 5.37 7.28 

E4 —12.96 — 12.08 

E5 46.22 51.22 

E6 3.60 5.93 

E7 —14.58 —13.52 


This close agreement is largely a by-product of the ft- 
ting procedure. The mean change in actual velocity will 
be given by the desired velocity equation evaluated at 
the means of changes in its independent variables, if 
the dependent variable in Table 1 has a zero mean. The 
mean of that variable is, in fact, close to zero. 

u Friedman’s money definition is that in E3’ where 
my estimate actually exceeds his in absolute value. 
Another aspect of Friedman’s study that is interesting 
in light of my results is his discussion of the cyclical be- 
havior of velocity. Friedman estimated his destred 
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—.618 for this elasticity [7, p. 546], de- 
rived from cycle-average data, 1891-1957, 
is in less spectacular, though close, agree- 
ment with my estimates.“ My estimates, 
moreover, did not require cycle-averaging 
of the data. 

The implicit income elasticity of velocity 
in the net national product regressions is 
never significantly negative and always 
close to zero in magnitude. This result 
seems, at first glance, to conflict with the 
conclusion that the long-run velocity- 
income relationship has held in the postwar 
period. However, essentially zero measured 
income elasticities of velocity have been 
reported for other data which extend over 
longer periods.“ Measured income is 
simply a poor proxy for permanent income 
in any time period. In any event, the net 
national product regressions are even less 
congenial to an interest rate explanation of 
postwar velocity than the consumption 
regressions. All the interest rate coefficients 
here are negative, though insignificant. 

In sum, these results mean that we can 
rely neither on interest rates nor on some 
change in long-established velocity-income 
relationships to explain the postwar rise 
in velocity. Some other forces, for which 
secular trend is here a proxy, are entirely 
responsible for this rise. This only brings 
the general problem into sharper focus. 
The important task for future research is 


velocity equation by regressing permanent income on 
actual velocity. He found that the residuals from this 
relationship conformed negatively with and led the 
business cycle. My model explains this cyclical pattern: 
Friedman’s “residual element” is the difference between 
actual and desired velocity, and this difference gener- 
ates opposite-signed expenditure changes with a one 
quarter lag. 

H Laidler estimates the permanent income-elasticity 
of money; this may be converted to the income-elasticity 
of velocity by subtracting it from one. 

u Chow [1, p. 124] finds a measured income-elasticity 
of money of -++.9298 for 1897-1958 data, which implies 
an income-elasticity of velocity of +.0702. 


to identify and measure the particular 
forces here subsumed in “trend.” When 
this is done, and the trend term in desired 
velocity is thus rendered insignificant, our 
ability to predict the demand for money 
should be enhanced considerably.’® 


18 Note that the constant terms in Table 1, from which 
the trend in desired velocity is deduced, get smaller aa 
the definition of the money total is broadened. At the 
game time, the income coefficient is insensitive to the 
definition of the money total. This means that the in- 
come-elasticities of conventional money and its closest 
substitutes are about the same, but that some of the 
secular decline in the demand for conventional money 
shows up as a secular rise in the demand for bank and 
other financial institution time deposits. This result 
serves to emphasize the general problem raised in this 
paper, namely that the forces causing the secular shift 
from money to other goods and assets remain to be 
identified in future research. 
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A Model of Labor Migration and 
Urban Unemployment in Less. 
Developed Countries 


By Micuart P. Toparo* 


The chronic problem of urban unem- 
ployment and underemployment in almost 
every contemporary developing country 
has received a relatively minimal degree of 
theoretical attention in the literature on 
economic development. However, even the 
most casual observer of these countries 
cannot help but be overwhelmed by the 
proportion of the urban labor force which 
is apparently untouched by the so-called 
“modern” economy. From Dar es Salaam 
to Karachi to Caracas, from land surplus 
to labor surplus to capital surplus coun- 
tries, one hears of the ever-increasing flow 
of rural migrants into urban areas and of 
the inability of the urban economy to 
provide permanent jobs for even a major- 
ity of these workers! And yet, in striking 
contrast to the sophisticated theories of 
unemployment in developed nations, there 
have been few attempts to formulate a 
realistic positive theory of urban unem- 
ployment for less developed countries.? In 

* The author is research fellow at the Institute for 
Development Studies in Nairobi, Kenya. He wishes to 
thank Emile Despres, Peter Diamond, John Harris, 
Lloyd Reynolds, Joseph Stiglitz, and the referee of this 
journal for their very helpful comments and suggestions 
on earlier drafts of the paper. Naturally, he alone bears 
responsibility for any remaining defects. 

1 W. A. Lewis stands out among development econo- 
mists as one who has repeatedly called our attention to 
the seriousness of the urban unemployment problem 
[21] [22]. However, Lewis’ discussions have been largely 
qualitative and have not provided any rigorous frame- 
work with which to analyze the mechanism of labor mi- 
gration and urban unemployment. 

2 Eckaus’ famous factor proportions model [6] repre- 
sents the most notable attempt to come to grips in a 


rigorous fashion with the problem of labor absorption 
in the modern sector. However, his model is concerned 
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fact, one of the best known models of 
labor transfer and economic development 
does not even consider the causes or, for 
that matter, the implications of a large 
and rapidly growing pool of urban unem- 
ployed [23]. 

The objective of this paper is twofold. 
First, we shall formulate an economic be- 
havioral model of rural-urban migration 
which, in our opinion, represents a realistic 
modification and extension of the simple- 
wage differential approach commonly 
found in the literature [16] [19] [23]. It 
does so by recognizing the fact that the 
existence of a large pool of unemployed and 
underemployed urban workers must cer- 
tainly affect a prospective migrant’s 
“probability” of finding a job in the 
modern sector. As a result, when analyzing 
the determinants of urban labor supplies, 
one must look not at prevailing real income 
differentials as such but rather at the rural- 
urban “expected” income differential, i.e., 
the income differential adjusted for the 
probability of finding an urban job. It will 
be argued that this probability variable 
acts as an equilibrating force on urban 
unemployment rates. Secondly, we shall 
incorporate this probabilistic approach 
into a rigorous model of the determinants 
of urban labor demand and supply which, 





primarily with the demand side of the employment prob- 
lem, and as such does not consider in an equally rigor- 
ous fashion the determinants of rural-urban labor sup- 
ply. As a result, the model cannot be used to estimate 
the magnitude of urban unemployment nor can it be 
used to evaluate the unemployment implications of 
alternative policies, 
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when given values for the crucial param- 
eters, can be used among other things to 
estimate the equilibrium proportion of the 
urban labor force that is not absorbed by 
the modern industrial economy. Addi- 
tionally, the model will provide a conve- 
nient framework for analyzing the implica- 
tions of alternative policies designed to 
alleviate unemployment by varying one 
or more of the principal parameters. 


I. The Process of Labor Migration 


It is a well-known fact of economic his- 
tory that material progress usually has 
been associated with the gradual but con- 
tinuous transfer of economic agents from 
rural based traditional agriculture to urban 
oriented modern industry [5] [27]. It is 
not surprising, therefore, to find the litera- 
ture on economic development stressing 
the importance of similar structural 
-changes in contemporary less developed 
nations [4] [20]. In particular, with re- 
spect to the occupational distribution of 
the indigenous labor force, economic de- 
velopment is often defined in terms of the 
transfer of a large proportion of workers 
from agricultural to industrial activities 
[24]. However, this process of labor 
transfer is typically viewed analytically as 
a one-stage phenomenon, that is, a worker 
migrates from a low productivity rural job 
directly to a higher productivity urban 
industrial job. The question is rarely asked 
as to whether or not the typical unskilled 
rural migrant can indeed find higher-pay- 
ing regular urban employment. The em- 
pirical fact of widespread and chronic 
urban unemployment and underemploy- 
ment attests to the implausibility of such 
a simple view of the migration process. 
It is our opinion that a more realistic 
picture of labor migration in less developed 
countries would be one that views migra- 
tion as a two-stage phenomenon. The first 
stage finds the unskilled rural worker 
migrating to an urban area and initially 


spending a certain period of time in the 
so-called ‘urban traditional” sector.’ The 
second stage is reached with the eventual 
attainment of a more permanent modem 
sector job. This two-stage process permits 
us to ask some fundamentally important 
questions regarding the decision to mi- 
grate, the proportionate size of the urban 
traditional sector, and the implications of 
accelerated industrial growth and/or alter- 
native rural-urban real income differentials 
on labor participation in the modern 
economy. 


II. Employment Probability and 
the Decision to Migrate 


In our model, the decision to migrate 
from rural to urban areas will be function- 
ally related to two principal variables: (1) 
the urban-rural real income differential 
and (2) the probability of obtaining an 
urban job. Since it is this latter variable 
which will play a pivotal role in the analy- 
sis, it might be instructive at this point to 
explain briefly our reasons for incorporat- 
ing this probability notion into the overall 
framework. 

As pointed out above, an implicit as- 
sumption of typical labor transfer models 
is that any migrant who enters the modern 
sector is “absorbed” into the gainfully 
employed at the prevailing urban real 
wage. However, the important question to 
ask in this context is “how long” does the 


2 For the purposes of this paper, the urban traditional 
sector will encompass all those workers not regularly 
employed in the urban modern sector, i.e., the overtly 
unemployed, the underemployed or sporadically em- 
ployed, and those who grind out a meagre existence in 
petty retail trades and services. J. P. Lewis provides an 
excellent description of this traditional sector which 
consists largely of “the urban in-migrant who, instead of 
doing absolutely nothing, joins Bombay’s army of 
underemployed bootblacks or Delhi’s throngs of self- 
appointed (and tippable) parking directors, or who be- 
comes an extra, redundant salesman in the yard goods 
stall of the cousin, who according to custom, is going to 
have to provide him with bed and board anyway” [18, 
p. 53]. This description aptly fits a typical city in Africa 
and Latin America as well. 
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average migrant have to wait before ac- 
tually obtaining a job. Even if the prevail- 
ing real wage is significantly higher than 
expected rural income, the fact that the 
“probability” of obtaining a modern sector 
job, say within the next year or two, is very 
low must certainly influence the prospec- 
tive migrant’s choice as to whether or not 
he should leave the farm. In effect, he 
must balance the probabilities and risks of 
being unemployed or sporadically em- 
ployed in the city for a certain period of 
time against the favorable urban wage dif- 
ferential. A 70 per cent urban real wage 
premium, for example, might be of little 
consequence to the prospective migrant 
if his chances of actually securing a job 
are, say, one in fifty. Nevertheless, even if 
expected urban real income is less than 
rural real income for a certain period fol- 
lowing migration, it may still be economi- 
cally rational from a longer-run point of 
view (e.g., from a discounted present value 
approach to the rural-urban work choice) 
for the individual to migrate and swell the 
ranks of the urban traditional sector. Our 
underlying behavioral model, therefore, 
will be formulated more in the spirit of 
permanent income theories than present 
wage differential theories. 

To underline the fundamental role 
played by job opportunities and probabili- 
ties of employment in the actual migration 
decision-making process, we might cite two 
outstanding illustrations, one historical 
and one contemporary, which demonstrate 
the relative, and often overriding, impor- 
tance of this variable. The first case con- 
cerns the movements of American un- 
skilled laborers back and forth between 
agriculture and industry during the 1930 
depression decade. In an extremely infor- 
mative and well-documented study of 
American agriculture, Theodore Schultz 
[26] argues that in 1932 when urban 
wages were still considerably higher and 
falling less rapidly than rural wages, there 


was a definite reversal of the historical 
flow of workers from the farm to the city. 
In fact, 1932 witnessed a net urban to rural 
labor migration [26, p. 90]. Schultz 
attributes this seemingly paradoxical phe- 
nomenon to the severe lack of job oppor- 
tunities in depressed urban factories and 
the more likely prospects of finding agri- 
cultural employment in rural areas even 
though there still existed a significant 
positive urban wage premium [26, p. 99]. 

The second, more contemporary case 
concerns an interesting experiment carried 
out in Kenya in 1964. In a modified version 
of a tactic suggested by the International 
Labor Office [29] which advocated that 
governments of less developed countries 
employ and, through taxes and subsidies, 
induce private enterprise to employ more 
labor than would be worthwhile on 
the basis of a comparison between pro- 
ductivity and wages, the government of 
Kenya instituted a “tripartite agreement” 
among itself, private employers, and trade 
unions. The avowed intention was to wipe 
out the considerable unemployment exist- 
ing in the greater Nairobi area by having 
the two hiring participants agree to in- 
crease their employment immediately by 
15 per cent. For their part the unions had 
to agree to forego any demands for general 
wage increases. In his analysis of this 
“agreement” Professor Harbison has ob- 
served that: 


The effort was a colossal failure. The 
private employers did take on additional 
workers and this acted ike a magnet 
aitracting new workers into the urban 
labor markets; in a few months the work- 
ing forces in most of the private estab- 
lishments had dropped to their former 
levels through attrition not offset by 
new hires. In the end, the volume of 
unemployment, as a consequence of the 
expansion of the modern labor force in 
response to the prospect of more jobs was 
probably increased rather than de- 
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creased [10, p. 183, fn**]. (Italics not 
in original) 

Here once again we can recognize the 
basic influence exerted by the probability 
of finding a job (whether real or antici- 
pated) on the supply of rural workers into 
urban labor markets. Moreover, the sig- 
nificance of anticipated job opportunities 
on urban labor supplies is underlined in the 
above case by the enforced stability of 
urban wages over this experimental period. 
This tripartite agreement, therefore, seems 
to have provided as excellent a ceteris 
paribus experiment as is normally possible 
in economic analysis. In terms of the model 
that we shall now present, the Kenyan 
experience would be interpreted as a right- 
ward shift of the urban labor supply curve 
as a result of an anticipated increase in the 
probability of successfully locating a job 
in the modern sector. 


Ill. A Behavioral Model of Rural- 
Urban Labor Migration 


In order to understand better the nature 
of the supply function to be used later in 
the overall model of the determinants of 
urban unemployment, let us first set forth 
the underlying behavioral assumptions of 
our model of rural-urban migration. 

1. We shall assume that the percentage 
change in the urban labor force as a result 
of migration during any period is governed 
by the differential between the discounted 
streams of expected urban and rural real 
income (defined below) expressed as a 
percentage of the discounted stream of 
expected rural real income*—i.e., 


* As the reader will discover below when the overall 
model is presented, the reason for expressing migration 
as a percentage of the existing urban Jabor force rather 
than a3 an absolute number is that it greatly simplifies 
the mathematics without in any way altering the quali- 
tative nature of our conclusions, Since we are interested 
in changes in unemployment rates over time, the crucial 
supply variable is the rate of increase in the urban Jabor 
force as a result of migration. The fact that equation (1) 
indicates that the same capitalized percentage earnings 


Vi) aaa E > 0. 


$ 


where, 


S represents net rural urban migra- 
tion; 

S is the existing size of the urban 
labor force; 

is the discounted present value 
of the expected urban real in- 
come stream over an unskilled 
worker’s planning horizon; and, 
is the discounted present value 
of the expected rural real in- 
come stream over the same 
‘planning horizon. 


2. The planning horizon for each worker 
is identical. 

3. The fixed costs of migration are 
identical for all workers. 

4. The discount factor is constant over 
the planning horizon and identical for all 
potential migrants. 

Given these initial assumptions, our 
behavioral urban labor supply model can 
be formulated in the following manner. 
First, for Vr(0), we have: 


(2) Ve) = | Va(denrtdt 
bm) 
where, 
Yr(é) represents net expected rural 


real income in period # based, 
say, on the average real income 
of x previous periods,’ and 

r is the discount factor reflecting 


differential might lead to different absolute numbers of 
migrants at different times is reasonable as long as (a) 
the geographic distribution of the total population is 
heavily rural based and (b) the natural rate of rural 
population growth exceeds that of urban population 
growth. Both of these assumptions are generally valid 
for less developed nations. 

$ Thus, for example, one might anticipate expected 
rural incomes to decrease following periods of crop 
failure due to weather and pest variations. In our model, 
this would show up as an initial increase in migration 
equilibrated by a lower probability of finding an urban 
job which in turn lowers expected urban incomes as well 
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the degree of consumption time 
preference of the typical rural 
unskilled worker. 

Next, for V.(0), we have: 


@) VO = f” Oru- C0) 
i i=0 
where, 


Y.(é) represents net urban real income 


in period +,’ 


C(0) is the initial fixed cost of migra- 
tion and relocation in the urban 
area, 

and, 


p(t) is the probability of having a 
modern sector job in period # 
[defined below]. 


The distinguishing characteristic of 
equation (3) is that “expected” urban real 
income in any period ¢ varies directly with 
p(t), the probability of having a job in that 
period.’ Thus, one could easily conceive of 
a situation in which the urban-rural real in- 
come differential, Y.(#)—Yx(é), was posi- 
tive while the “expected” differential, 
p(t) Vu) — Vr(#), was negative. 

Let us now consider the nature of p(t). 
However, in order to give p(t) a precise and 
intuitively plausible definition, it is neces- 
sary to look once again at the urban labor 
market and, in particular, the migration 
process. For analytical convenience, we 
shall picture the typical rural migrant, 
therefore, as arriving in the urban area and 
joining a large pool of unemployed and 


+ Y,(@) is intended as a proxy variable for all elements 
that constitute urban real income, i.e., wages, cost of 
living, urban amenities etc. For example, Y, might 
equal aw/p where wis the urban wage, p is the urban price 
deflator, and ¢>1 is scalar proxy for “city lights” and 
other amenities. 

7 Our reason for not including a similar probability 
variable in (2) is that the existence of traditional crop- 
sharing activities and the so-called “extended family” 
system largely negates the potential impact of such a 
variable in the rural economy whereas these ties are 
much more difficult to maintain in a wage-oriented 
urban economy. However, it would not be difficult to 
incorporate, say Px(é) into equation (2). 


underemployed workers who arrived in 
town earlier and still are waiting for a 
modern sector job. The selection from this 
pool in each period is assumed to be ran- 
dom with the probability of selection 
being equal to the ratio of new job open- 
ings relative to the number of workers in 
this urban traditional sector. Since the 
probability of kaving a job in any period, 
p(é), is directly related to the probability 
of having been selected from the pool of 
urban traditional workers in that or any 
previous period, we can formulate the 
relationship between these two variables 
in the following way. Let, w(#) be the 
probability of being selected from the pool 
of urban traditional workers during period 
t if the worker is a member of that pool 
in period #; and let p(#) be, as before, the 
probability of kaving a job in the urban 
modern sector in period ¢. It follows that, 


(0) = x(0) 
and that, 
(1) = (0) + (1 — 3 (0))x(1) 


that is, the probability of having a job in 
period zero (the time of migration) is 
equal to the probability of immediate 
selection from this pool, while the proba- 
bility of having a job in period 1 is equal to 
the probability of being selected in period 
zero plus the probability of being selected 
in period 1. Generalizing, we see that for 
any period, £, 


pt) = pE — 1) + [1 — pa 1] 
es 1 
(4) p(t) = r(0) + x (i) JI @ — r0) 


J= 
where 


n 
JI a = hth tr hu’ Gy—1° On 2 
i= 
3 One of the benefits of formulating the job selection 
process in this manner is that it captures an essential 
feature of the earnings history of a typical migrant, 
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In order to complete our behavioral 
model, we must now define x(#) in some 
meaningful economic sense. We shall define 
this probability of being selected for a job 
during period ¢ as being equal to the ratio 
of new modern sector employment open- 
ings in period # relative to the number of 
accumulated job seekers in the urban 
traditional sector at time 7.9 But this 
procedure necessitates the introduction of 
a demand expression to reflect job creation 
in the modern sector. For the purposes of 
this paper, therefore, we shall assume 
initially that the number of new jobs 
created increases at a constant exponential 
rate over time. Specifically 


(5) NO = Ngt 
where 
N( is total modern sector employ- 


ment in period ż, 

` is the rate of industrial output 
growth, and 

p is the rate of labor productivity 
growth in the modern sector. 


Thus, if we let the rate of job creation 
=A—p, we have 
DORRAO) 
SQ) — VA 
IV. An Analytical Model of the Structure 


and Mechanism of Urban 
Labor Markets 


We can now bring some of the above 
concepts together and formulate our over- 


(6) # (i) 





namely, that the path of expected urban earnings is 
positively related to the length of time that a migrant 
has been in the urban area ceteris paribus. The longer a 
migrant remains in the urban area the more contacts he 
can establish and the more likely he is to be holding a 
job after a certain period of time. In terms of equation 
(4) p10 asio. 

? Since there will be other new migrants entering the 
labor pool during period #, the actual realized probability 
will be somewhat less than the expected probability at 
the time of choice (the latter being the more relevant 
criterion for migration). However, this slight differen- 
tial will not affect our results or conclusions. 


all model of disturbances and adjustments 
in the urban labor markets of less devel- 
oped countries. The model can be specified 
in the following manner. Once again, let 


N(t) total employment in the urban 
modern sector in period é, 
S(é) total urban labor force in period ¢ 


and, therefore, 


S()—N() measures the size of the 
urban traditional sector. We first have 
our exponential demand equation, 


(7) V(t) = Nær, or 
xX 
7 — (=y 
(7a) x (0) =y 
where, 
y=A~p. 


Next, we specify an aggregate labor sup- 
ply equation which is a simplified ver- 
sion of equation (1) in the sense that only a 
one-period time horizon is assumed.!° 


S Yi) a Yr(t) 
9 2O=e+s0F [| 


¥r(t) 
or, letting 
= Y,() _ Yr) 
a ¥r(t) 
$ 
(8a) = () = 8 + (HFa) 
where, 


B isthe natural rate of increase of 
the urban labor force, 
a(t) is the percentage urban-rural 
real income differential, and, is 
F(e(é)) afunction that such dF/da>0. 


Thus, 7(#)F(a(#)) is the rate of urban labor 
force increase as a result of migration, i.e., 


10 This assumption is made necessary by mathemati- 
cal convenience but is in fact probably a more realistic 
formulation in terms of actual decision making in less 
developed nations, In any case, the general conclusions 
are not sensitive to the assumption. 
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we ate assuming that migration varies 
directly with the probability of finding a 
job. Furthermore, from equation (6), we 
know that 


yN À 
ġ = M. 
"0 = -NO 
Substituting for (4) we.have, therefore, 
YN (H 


(9) $y =+ (Fa(i)) + 


S — V@ 
We shall assume, initially, that this income 
differential e( remains constant over 
time, i.e. a =q. 

Finally, we denote the proportion of the 
arban labor force employed in the modern 
sector at time ¢ as E(t), where 


S(é) 


Before solving for equilibrium conditions, 
let us first give a brief verbal explanation of 
the mechanics of the model represented by 
equations (7a), (9), and (10). 

Suppose we consider a developing econ- 
omy in the very early stages of industrial- 
ization such that almost the entire popula- 
tion resides in rural areas. The urbaniza- 
tion process is just beginning to accelerate 
but as yet the pool of urban unemployed 
is relatively small so that the probability of 
obtaining a job is high. Therefore, given 
a ‘significantly positive urban real wage 
premium («#>0)" and a positive rate of 


(10) E() = 


u Considerable debate has been generated in the 
literature as to whether this wage differential is in fact 
a real income differential. Lewis has argued that a posi- 
tive money wage differential of the order of 50 per cent 
is necessary to induce workers to migrate from rural to 
urban areas [19] [22]. But this does not necessarily im- 
ply a corresponding real wage differential. Hagen [8] 
has argued and provided empirical evidence that this 
differential is in fact a distorted real-income differential 
resulting from disproportionate growth rates in manu- 
Yacturing versus agricultural activities. See also com- 
ment by Koo [17], Hagen’s reply [9], and remarks by 
Bhagwati and Ramaswami [2]. Recent empirical evi- 
dence has tended to confirm the real-income differential 
hypothesis [25] [13] [1} [12] [28] and Lewis himself has 
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urban job creation exceeding the natural 
rate of urban population growth (y>8), 
the resulting urban expected real income 
differential induces rural-urban migration 
such that the urban labor force grows at 
a faster rate than that of job creation—i.e., 
B+7(i)F(a)>y. This more rapid growth 
of labor supply results in an increase in the 
relative size of the urban traditional 
sector with the result that ceteris paribus 
the probability of a rural migrant finding 
a job in the next period is somewhat lower 
(r(#+1) <2(é)). Assuming «æ and y remain 
constant, this lower probability should 
result in a slowing down of the rate of 
urban labor force growth although S/S 
may continue to exceed N/N. Eventually, 
however, the equilibrating function of + 
stabilizes the urban unemployment rate at 
some level 1—E* depending upon the 
values of a, 8, and y. If the unemployment 
rate falls below 1—#* equilibrating forces 
in the form of rising ms will be set in 
motion to restore the equilibrium. Thus, 
for any given values for our principal 


_ parameters, the equilibrium will be stable. 


Moreover, as we shall discover below, 
policies designed to eliminate unemploy- 
ment by raising y (e.g., by increasing the 
rate of industrial expansion and/or subsi- 
dizing labour in accordance with shadow 
price criteria) without a concentrated 
simultaneous effort at lowering the real 
earnings differential a will meet with 
increasing frustration. But now let us turn 
to a more rigorous demonstration of these 
and other conclusions. 

The equilibrium condition for our model 
is defined simply as that employment rate 
recognized the fact that in numerous cases unskilled 
workers in the modern sector are earning three and four 
times as much as the average small farmer (21, p. 12]. He 
attributes this disproportionate disequilibrium to the 
combined effects of trade union pressure, nationalistic 
government sympathy for the trade union cause, and a 
new social conscience on the part of big entrepreneurs. 
Whatever the reasons, these real-earnings distortions 


are a major cause of the urban unemployment phe- 
nomenon. 


TODARO: LABOR MIGRATION AND UNEMPLOYMENT 145 


E* such that E/E(?) equals zero, that is, 
where 


E Ñ Š 
(11) r @® = m () — x () = 0. 


Now, from equations (7a) and (9) we know 
that 


Eo yF(a)N@Q) _ 
go s® -NO 
where, l 
YENA) 
(12) y=g= OPE 


Dividing both numerator and denom- 
inator of the right-side term of (12) by 
S(#) and substituting from (10) we obtain: 


2 yF (a) E* , 


(13) ¥-B a 





Rearranging, 
y — B — (y — B)E* = yF (a) E* 


E (1 — E)yF(a) + yF(a)E 
ag EC. Soe 


2). 


where 
O<E<1. 


It is evident from equation (15) that 
the proportionate equilibrium size of the 
urban traditional sector (T*) will vary 
directly with the urban rural’ percentage 
real income differential, (@7*/da>0), and 
inversely with the rate of job creation 
(dT*/dy <0). Moreover, it is interesting to 
note that an increase in the rate of indus- 
trial output growth (A) which in turn in- 
creases the growth rate of modern sector 
employment opportunities (y) might have 
no impact on cutting into the proportion- 
ate size of the urban traditional sector if 
the urban real wage differential (a) also 
increases by a certain amount. Specifically, 
dE*=0, if, equation (17) holds, 


y—8 


or, solving for dy, if 
—y’dF (a) 


te ieee ee ee 
Fla)y + ydF(a) + Fla)dy + dF(a)dy tytdy—-8 Fa)y+y—-8 
or, finally: 
y—-8 
14 EF = e = 
ge F(a) +y- e ggn 


Alternatively, the equilibrium proportion- 
ate size of the urban traditional sector, 
T*=1—E*, is simply: 

sal Asks eee 

wiley yp 
Furthermore, this is a stable equilibrium 
since from 


(5) T*=1— 


YF (a) E 
1-2 
we may show the derivative in (16) to be 
negative. 





E as aR 
z7 y—-8= 


ydF (a) — yB — F(a)B — BdF(a) 


For example, suppose the growth rate of 
modern sector employment is 4 per cent 
(y=.04), the natural rate of urban labor 
force growth is 2 per cent (8=.02), the 
urban-rural real earnings differential is 
100 per cent (a=1.0), and, for simplicity 
F(a) =a: Given these parameters equation 
(14) says that, in equilibrium, modern 
sector employment would absorb only one- 
third of the urban labor force. Now sup- 
pose that the earnings differential between 
modern urban jobs and traditional agri- 
cultural work increases by an additional 
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20 per cent, i.e., da=dF(a)=0.20. Equa- 
tion (18) of our model says that the rate of 
modern sector job creation must grow by 
an additional 1.9 per cent (i.e., dy=.019) 
just to prevent the equilibrium employ- 
ment rate from falling below its original 
level. Moreover, when it is recalled that 
y=)—p and we recognize the fact that in 
order to increase employment growth (y) 
by 2 per cent, the growth rate of modern 
sector output (A) will probably have to 
increase by at least an additional 6 per cent 
due to the positive corollation between 
output expansion and productivity 
growth,” we begin to appreciate the great 
_ difficulty of absorbing larger proportions 
of the urban labor force without a con- 
centrated effort designed to prevent the 
further widening of urban-rural real earn- 
ings differentials. 

Perhaps a more interesting and relevant 
application of equation (18) is to consider 
the potentially conflicting objectives of a 
successful program of import substitution 
and a concomitant reduction of modern 
sector unemployment rates. Bruton has 
recently underlined the necessity for 
productivity to grow if import substitut- 
ing industries are to pay for themselves in 
real terms [3]. Consequently, it is ex- 
tremely important that labor productivity 
should increase substantially in the modern 
sector. But, as the above example demon- 
strates, if the gap between urban and rural 
real earnings capacity is permitted to 

1 For some cross-sectional statistical evidence of the 
positive correlation between rates of output growth and 
rates of labor productivity growth in the manufacturing 
sectors of less developed nations (and hence the em- 
ployment lag), see United Nations [30, p. 96-98]. The 
principal explanations offered for the observed rapid 
increases in labor productivity include the following: a 
greater substitution of capital for labor than is war- 
ranted by shadow prices of labor and capital [22, pp. 
55-68], improved managerial and organizational capa- 
bilities (25, p. 33], and an upgrading of labor efficiency 


through on the job training programs and the emer- 
gence of a more stable, proletarian urban labor force 


[7]. 


widen further, the likelihood of simul- 
taneously raising labor productivity and 
lowering urban unemployment rates ap- 
pears negligible indeed. However, if in the 
above example the urban-rural income 
differential were to contract by 20 per cent, 
equation (18) tells us that labor produc- 
tivity could expand by an additional 1.3 
per cent annually without increasing the 
urban unemployment rate. Alternatively, 
labor productivity could expand by, say, 
an additional 1 per cent per annum with a 
simultaneous decline in the urban un- 
employment rate. 

Finally, consider the question of agri- 
cultural development strategy. Johnston 
has strongly emphasized the point that if 
the agricultural sector is to make its ‘most 
meaningful contribution to economic de- 
velopment, it must not only improve labor 
productivity but also expand employment 
opportunities [14] [15]. The main point is 
that premature mechanization of agri- 
culture through the adoption of the most 
modern techniques of large-scale farming 
poses serious problems for rural labor 
absorption. In terms of our model, John- 
ston’s argument would indicate a lowering 
of the expected rural wage through the 
introduction of a probability variable 
similar to that in the urban sector and 
ceteris paribus a consequent rise in rural- 
urban labor migration. The implication 
here is that if employment creation is high 
on the priority list of developing countries, 
not only should the real wage differential 
be prohibited from increasing through 
some appropriate incomes policy but also 
output and productivity growth in agri- 
culture wherever feasible must be achieved 
through more efficient use of existing 
capital resources and not through capital- 
labor substitution.” 

1 Numerous other important issues of development 


policy as they relate to the urban unemployment prob- 
lem take on a new and often surprising aspect when 
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V. Some Concluding Comments and 
Implications of the Analysis 


We have attempted in this paper to 
formulate a model that is both descriptive 
and analytical with respect to the mecha- 
nism through which economic variables 
influence urban labor markets in less 
developed countries. The analysis has 
tried to come to grips in a simple but 
rigorous fashion with the fundamental 
factors affecting urban unemployment and 
underemployment. Although the model 
has made some simplifying assumptions 
especially with respect to the constancy 
of y and a, the overall net impact of allow- 
ing these parameters to vary over time 
and/or choosing alternative values is 
demonstrated, in our opinion, quite con- 
veniently in the model. Moreover, it 
underlines in a simple and plausible way 
the interdependent effects of industrial 
expansion, productivity growth, and the 
differential expected real earnings capacity 
of urban versus rural activities on the size 
and rate of increase in labor migration 
and, therefore, ultimately on the occupa- 
tional distribution of the urban labor force. 

Perhaps the most significant policy 
implication emerging from the model is the 
great difficulty of substantially reducing 
the size of the urban traditional sector 
without a concentrated effort at making 
rural life more attractive. For example, 
analyzed within the framework put forth in this paper. 
For example, in a forthcoming paper which incorporates 
our basic migration model into a more general two- 
sector model of economic development, it is demon- 
strated that under certain (entirely plausible) conditions 
the economist’s standard theoretical policy prescription 
of generating urban employment opportunities through 
the use of “shadow prices” implemented by means of 
wage subsidies or direct government hiring might in 
fact exacerbate the problem of urban unemployment 
{11]. Also, the pricing policies of agricultural marketing 
boards and the burden of rural taxation are revealed as 
important factors influencing the magnitude of urban 
unemployment while standard formulas for investment 


criteria are shown to be biased against agricultural 
investment projects. i 








instead of allocating scarce capital funds 
to urban low cost housing projects which 
would effectively raise urban real incomes 
and might therefore lead to a worsening of 
the housing problem, governments in less 
developed countries might do better if they 
devoted these funds to the improvement 
of rural amenities. In effect, the net bene- 
fit of bringing “city lights” to the country- 
side might greatly exceed whatever net 
benefit might be derived from luring more 
peasants to the city by increasing the 
attractiveness of urban living conditions. 
Like Marshall’s famous scissors analogy, 
the equilibrium level of nonparticipation 
in the urban economy is as much a func- 
tion of rural “supply push” as it is one of 
urban “demand pull.” Thus, as long as the 
urban-rural real income differential con- 
tinues to rise sufficiently fast to offset any 
sustained increase in the rate of job crea- 
tion, then even in spite of the long-run 
stabilizing effect of a lower probability of 
successfully finding modern sector employ- 
ment, the lure of relatively higher perma- 
nent incomes will continue to attract a 
steady stream of rural migrants into the 
ever more congested urban slums. The 
potential social, political, and economic 
ramifications of this growing mass of urban 
unemployed should not be taken lightly. 
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Implications of Dynamic Monopoly 
Behavior 


By FRANK C. JEN AND LAWRENCE SOUTHWICK, JR.* 


The behavior of a monopolist has tradi- 
tionally been studied by models allowing 
only one seller to operate. With a few 
exceptions such as Stigler [12] and Brems 
[3] the models are also static in nature 
although further research in dynamic 
models is frequently suggested. The result 
is a lack of depth in the study of the effects 
of dynamic monopoly strategies such as 
limiting price and quantity. The question 
of how a seller initially protected by a 
patent (hereinafter a “protected mo- 
nopoly’’) may behave over time cannot be 
answered either. However, a monopoly can 
be regarded as a member of a duopoly where 
the quantity produced by the other 
member is zero. Hence, a convenient way 
to study dynamic monopoly behavior is to 
construct a general dynamic duopoly 
model from which conditions for various 
types of monopoly can be derived. This 
paper constructs such a model and derives 
the “maximizing” equations in Section I. 
Section II derives the conditions under 
which a natural monopoly can exist. The 
possible production and price paths of a 
monopoly are also discussed. Section II 
studies the production and pricing strate- 
gies of a firm which has a monopoly protec- 
tion initially and wants to continue the 
monopoly. Section IV compares the effects 
of collusion with those of monopoly and 
further studies the implications of this 


* Professor of finance and management science and 
assistant professor of management science respectively, 
State University of New York at Buffalo. The names of 
the authors are listed in alphabetical order. We bene- 
fited from discussions with our colleagues, particularly 
Ken Babka and Clark Strausser. Any remaining errors, 
of course, are ours. 


model with respect to oligopolistic be- 
havior. Section V reviews the findings and 
discusses areas for futher research. 

The traditional static monopoly model 
can be represented by the system of 
equations, P=f(X) and C=g(X), where 
P, C, X are respectively unit price 
charged, total cost incurred, and quantity 
produced by the monopolist. The mo- 
nopolist will then choose an X so that the 
necessary MR=MC condition is satisfied: 


aXf(X) _ de(X) 


eX ax 





(1) Xfx +f = gx 
Implicit in the static approach is, however, 
an assumption that the monopolist has 
stable cost and demand curves over time. 
Moreover, it also implies that such exist- 
ing barriers to entry as patent protection, 
cost advantages, etc., will last forever to 
protect the monopolist from competition. 
Both assumptions are questionable. In- 
deed, cost and demand curves may shift 
and change slope due to such factors as 
secular trend, technological advances, etc. 
Cost curves may also be significantly 
affected by costs incurred in changing the 
level of output over time as the pioneering 


. study by Holt, et al. [9] has indicated. An 
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adequate monopoly behavior model should 
therefore not only be dynamic in nature in 
order to account for possible future 
changes of cost and demand curves, but 
should also be inclusive enough so that 
the effect of possible future changes in 

1 See, e.g. [5], [11], [12]. An assumption used in all 
models, e.g., [5, p. 188] is that the demand for the pro- 


duct must be reasonably independent of the price of 
other products. 
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monopoly position can be studied. The 
latter problem can be-studied through 
a duopoly model because the existence of a 
monopoly with permanent protection from 
competition implies that the potential 
other producer in the model will always 
be facing barriers so effective that it will 
abstain from producing.? Hence, a dy- 
namic duopoly model can be used to study 
the problem of dynamic monopoly be- 
havior. Such:a model is presented in the 
next section. 


I. A Dynamic Duopoly Model 
and tis Solutions 


There is presumed to be one homo- 
geneous good for which the demand curve 
is a function of time. At time #, firm 1 pro- 
duces an amount X while firm 2 produces 
an amount F. The price received by both 
firms is assumed to follow the simple 
deterministic but dynamic function? 


(2): P=(X,Y,) =f 


That is, for time #, after each firm deter- 
mines its output, a market clearing price 
(P) is obtained. The function is sym- 
metricin X and Y with negative first par- 
tial derivatives; fx=fy <0. 

The total cost for each firm in the 
duopoly may, however, differ. For each 
firm, we assume that the total cost (g or 
g’) is a function of : (1). its output level 
(X or Y), (2) the rate of change of its 
output level (X or Ý), and (3) time (¢ or 
t—t). 


(3) C(X) = g(X, Žž, i) = 8 
C(Y) = (Y, Ý, t— to) =g 


The output level variable is introduced 


32 If there are N possible entrants, the monopolist 
needs only to regard the most efficient one as the 
potential other producer in the duopoly model. Uncer- 
tainties however may Increase drastically as N gets 
large so that the duopoly model will not apply. 

3 We use the simplest dynamic price function possible 
to make the mathematics manageable. 


to account for the effects of scale on costs. 
The rate of change variable, which is not 
included in the static model, is introduced 
to account for the effects of changing out- 
put level on total costs. According to Holt, 
et al. [9], the profitability of a firm is also 
dependent on the time paths of the produc- 
tion level and, further, the effect of chang- 
ing production level on cost is of U-shaped 
form centered around zero. Time is intro- 
duced in this model to account for possible 
increases or decreases in cost due to such 
factors as secular trend and technological 
change. By manipulating ?, we can also 
allow one firm to have a lead. In this con- 
nection, because independent innovators 
will probably not start producing a new 
product at the same time, we assume that 
firm 1 has a time lead of ¿t during which 
firm 2 is not allowed to produce and fur- 
ther, frm 2’s cost function will always lag 
firm 1 by to periods.’ (Firm 1 thus has a 
protected monopoly from period 0 to że.) 

Note that we have chosen the same 
functional form for firms 1 and 2 for the 
cost equations in (3). The choice is made in 
order to make everything as much the 
same for both firms as possible so that the 
behavior of these two firms can be com- 
pared analytically. Note further that total 
cost can also be a function of interactions 
of second or higher orders between X, xt 
and F, Ý, 4. Thus, while the model ap- 
pears as very similar to the static model, 
the basic relationships can be far more 
complex. 

Under the condition that each firm is to 
maximize the present value of its future 


* For example, if a firm has patent protection, other 
firms are then not allowed to produce within the period 
of patent. In such cases, the period of patent protection 
will be h. 

* This assumption will cause the late starter to suffer 
from a cost disadvantage, which may be important for 
maintaining the monopoly power of the first firm as 
demonstrated later in this paper. This assumption will 
not hold if the late starter also benefits from the first 
firm’s effort to develop the product by creating con- 
sumer acceptance or improving technology. 
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profit stream, firm 1 chooses a time path 
of X to maximize its present value: 


O pv) = f erb {=n}, Y,d 


— g(X, X, id |dt 


From fp on, firm 2 chooses a time path of 
Y to maximize: 


(5) PV(2) = f vee {—rt} [¥f(X, Y, À 
fo 


ac a(¥, Y, t— to) |dt 


The same cost of capital (r) has been used 
for both firms. This choice is made for 
convenience.’ 

Assuming continuity, a necessary condi- 
tion for maximizing the present values of 
firms 1 and 2, independently taken, is the 
Euler condition.’ For firms 1 and 2, the 
resulting equilibrium conditions are: 


(6) J+ Xfz + XfrYx 
r 
EEN a i _ Eti 
r r r r 
(7) f+ ET YfxXy 
r 
= 84 gy T 7 gË 
r r r 


6 r can be considered as different between firms so that 
the effect of capital constraint on monopoly power can 
be studied. Useful analytical results will be difficult to 
obtain because they depend on the exact forms of the 
cost and demand functions. 

1 The Euler condition states that a necessary condi- 
tion for an extremum to exist to the functional 


Sila, Ddi is: 

90 
oh d oh 
ƏZ "u FA 


Clearly, this only holds for a relative extremum and fur- 
ther some complicated second order conditions must be 
checked to decide whether the extremum found is a 
relative maximum or minimum. However, equations for 
the second order conditions generally cannot be solved 
analytically, Hence; we assume that at least one of the 
solutions of the necessary conditions is a relative maxi- 


In these two maximizing equations, the 
subscripted variables are partial deriva- 
tives with respect to the subscripts and 
the dotted variables are partial derivatives 
with respect to #. Variables Fz and Xy 
are, of course, the conjectural variations. 

The two equilibrium equations are 
simultaneous second-order partial differ- 
ential equations with two variables. The 
time paths of both X and Y and hence the 
time path of price could in principle be 
determined if two boundary conditions for 
both X and Y and values of the conjectural 
variations are specified. As to their mean- 
ing, since equations (6) and (7) contain 
similar terms, we will interpret (6) only. 
The three terms on the left-hand side are 
components of present value of future 
marginal revenue (MR). The first two 
terms in the numerator are similar to those 
in the static model in (1), but, here, they 
represent permanent streams of change 
in MR. The third term represents the MR 
lost or gained permanently by firm 1 due 
to price change caused by firm 2’s change 
in output in response to firm 1’s change. 
The r in the denominator, of course, trans- 
lates the permanent stream of MR into its 
corresponding present value. As to the five 
terms on the right-hand side, they are 
components of present value. of future 
marginal cost (MC). The first term is sim- 
ilar to that in the static model except that, 
as in the case of MR, the term now repre- 
sents permanent change in MC and thus 
should be discounted by r to get its cor- 
responding present value. The second 
term, gx, is a one-shot effect on marginal 
cost caused by incurring the cost of chang- 
ing levels at time ¢ while the third term, 
—gi./r, is the present value of the per- 
manent change in MC caused by the 
expected shift in the cost of changing levels 





mum; that is, we assume the second order conditions for 
the existence of a maximum are met for at least one of 
the solutions. See [6, Chs. 2 & 3]. 
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over time. The fourth term, —gixX Jr, is 
the product of —gzx/r and X. The former 
is the present value of the permanent bene- 
fit (cost) to the larger firm in terms of 
decreased (increased) marginal cost of 
changing size while the latter is 0X/d#. 
The fifth term, the product of —gzz/r 
and X, represents the effect of changing 
the rate of change of production levels on 
permanent marginal cost. Note that the 
signs of the last four terms may vaty from 
firm to firm because they depend on the 
actual form of the cost function the firm 
faces from the scale, change of scale, and 
time points of view.® 

Reverting to the particular problem of 
solving the simultaneous differential equa- 
tions, we note that the initial boundary 
conditions are known: X(0)=0, Y(t) =0. 
The conjectural variations Xy and Fx 
are indeterminate, hence, analytical solu- 
tions for this dynamic duopoly model do 
not exist. 

For the dynamic monopoly problem, 
however, analytical solutions do exist 
because: the values of the conjectural 
variations can be assumed to be zero. We 
will therefore use this model to derive the 
necessary though not sufficient conditions 
for different types of monopoly to exist. 
Two types of monopoly will be studied. 
They are: (1) Natural Monopoly and (2) 
Imposed Monopoly. 


Il. Natural Monopoly 


We will introduce a precise definition of 
natural monopoly in the context of our 
model: A firm is defined to have a natural 
monopoly for a period of time when the 
firm is producing according to its profit 
maximization conditions while the output 
of a potential second firm is zero according 


! For instance, if we assume that the cost of changing 
level is declining over time, the third term is positive; 
that is, the firm will incur an additional stream of MC 
because it decides to change level immediately rather 
than later, 


to the profit maximization conditions of 
the second firm. In the model presented, 
firm 1 will thus be a natural monopolist 
for a period while firm 2 has an output of 
zero given both firms maximizing their 
present values. The conditions for this 
natural monopoly to exist are, of course, 
for both maximizing equations (6) and (7) 
to hold for the special case Y= Y=Y=0 
and Yx=Xy=0. More specifically, the 
conditions are: 


X,0,) +X, ; 
a A 
r r 
_ gixX gisk 
r r 
X, 0,1 0,0,i—1 
(9) f( ) < axl o) 
r r 


+ gi(0, 0, i— to) 
i gv.(0, 0, t— lo) 
r 


Equation (8) is a one-variable differential 
equation the solution of which is the 
production and price paths of firm 1. That 
is, firm 1 sets the production path, and 
thus the price path, so that the MR on the 
left-hand side equals the MC on the right. 
Equation (9) indicates that the price so 
set must be less then or equal to the MC 
of the potential competitor which consists 
of three terms: the present value of per- 
manent change in MC of production due to 
scale, the effect of incurring a one-shot 
cost of altering production levels, and the 
present value of the permanent change in 
MC caused by the expected shift in the 
cost of altering production levels. 
Equations (8) and (9) can further be 
combined so that the relationship between 
the MC of the monopolist and its potential 
competitor can be seen more clearly: 


(10) [gr(0, 0, t— to) Bi gx(X, Xx, p] 
+ r[gi(0, 0, £ — t) — gi(X,.X, 0)] 
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pi [gż:(0, 0, — bo) y gz(X, x, ÒI 


— gixX — giżX + Xfx > 0 


The first term measures the differences 
in MC due to scale between the potential 
competitor and the monopolist. How 
positive the term is depends, of course, on 
the economy of scale the monopolist en- 
joys and how much effect on MC the differ- 
ence in the rate of change of production 
will have. The term is more positive for an 
industry which has a greater increasing 
return to scale, because a faster declining 
MC implies a greater increasing return to 
scale.” The latter is traditionally con- 
sidered as a very important barrier to 
entry. 

The second term measures the difference 
in MC of changing production levels. Al- 
though firm 1 may start from a non-zero 
rate of change, the scale economy can be 
dominating again, that is, firm 1 can havea 
cost of changing levels lower than firm 2 
because large firms can have a smaller cost 
of changing level on a per unit basis. 

The signs of the rest of the terms except 
the last are indeterminate because they 
differ from firm to firm as explained in 
Section I. The last term Xfx has, of course, 
a negative sign because fy<0. One can 
however conclude that a very important 
factor for a natural monopoly to exist is, 
in the context of our model, the scale 
economy. However, existence of this factor 
is neither necessary nor sufficient to support 
a natural monopoly as terms other than 
the scale economy in equation (10) can 
sometimes dominate. An example of 
dominance by a firm having a cost ad- 


9 Mathematically, a declining inal cost due to 
scale can be represented by: gx(X, 0, #) <gx(0, 0, #). 
Usually, gx(0, 0, £ <gr(0, 0, #4) because of the tech- 
nological lead the monopolist enjoys. Therefore, gxr(X, 
0, 4) <gx(0, 0, i—i). Nevertheless, generally gxr(X, X, 
4) >gx(X, 0, t) for X70, But the scale economy will prob- 
ably dominate under normal circumstances so that 
ex(X, x, )Ser(0, 0, th). 


vantage because it enters the market 
earlier is presented below. 

Example A. Assume a linear demand 
function: 


(Ai) P=m~nX -nY 


Further assume that the only production 
costs are those associated with changing 
production levels. These costs declining 


over time at a constant rate k, approach 


zero asymptotically: 


(A.2) g=——~Xexp{—k} k>0 
eee led 


Firm 2 has a $p time lag, so its costs are: 
m s 7 t 

A3 =—— Y —kt k 

(A3) g = Y exh {=H} exb {2a} 


The production path of firm 1 satisfies 
equation (8) which is: 


(A4) X=—(1—exp{—H}) 
2n 


This means firm 1, starting from zero out- 
put at #=0, increases production over 
time, approaching asymptotically an output 
m/2n. The latter is the equilibrium level a 
profit-maximizing monopoly will attain in 
a static model. 

Firm 2 finds that marginal revenue is less 
than marginal cost as in equation (9). 
This condition, together with (A.4), te- 
sults in the’ inequality: 


(A5) m- (1 — exp {~H}) 


< mexp {—&t} exp {to} 


So long as ź fulfills the above inequality for 
given k and žo firm 1 will be a natural 
monopolist. 


Ill. Imposed Monopoly 
A weaker form of monopoly is an im- 


10 The corresponding price path is: 
P=m—m/2 (l-exp {~H}) 
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posed monopoly which can be defined as: 
A firm is defined to have an imposed mo- 
nopoly for a period of time when the firm 
is producing not according to its profit 
maximization criterion but to keep the 
output of a potential second firm at zero. 
In the context of the model presented, firm 
1 will be an imposed monopolist if it uses a 
strategy such as a limited price to keep the 
potential competitors out of the market 
after ło; that is, for +> fo, firm 1 will set the 
price at: 


Xx, 0,2 0,0,i—-? 
(11) KX, 0, 0 ) <E 0) 
r 
+ g¿(0, 0, t— to) 
>(0, 0,2 — to) 
SE N 
r 
while the monopolist is not maximizing his 


profit but still makes money in the long 
run. That is: 


(12) I exp | —rt} [X/(X, 0, ù 
n — g(X, X, )|dt > 0 


This type of monopolistic behavior implies 
that the monopolist is willing to forego 
some profit for security. Note that firm 1 
by assumption is a protected monopolist 
for £ <t and thus can theoretically produce 
according to equation (8). However, to 
carry out a strategy for >to, firm 1 may 
have to adjust the production schedule for 
<p also. 

For ¿>t firm 1 is an imposed monopolist 
not maximizing its profit. Therefore, in 
addition to (11) and (12), the following 
must also hold: 





X, 0,2) + X x, Xa 
(13) F(X, 0,8 + Jx xl i yy 
r 
_ bk gixž 
r r 
eS. FSH 





Equation (13) means that the MR of firm 
1 must for at least some time be lower than 
its MC. Note that this inequality sign is 
the key condition that differentiates a 
natural from an imposed monopoly. f 

With certain cost patterns, it is possible 
for an imposed monopoly to become a 
natural monopoly again. An example 
demonstrating the possible existence of 
this transition is presented later. 

A further condition may be added. In 
order that the strategy not be abandoned 
at some time #:(é:>fo), the present value 
of the strategy at that time must also be 
positive, or: 


(14) f exp {—rt} [Xf(X, 0, ù 
$ — g(X, X, )]dt > 0 


It is quite clear that this does not imply 
that Xf(X, 0, t)>g(X, X, #) for either all 
t or t>¢;.4 On the other hand, the condi- 
tion Xf>g(or g/X <f) at all times is 
sufficient to satisfy (14). Using this suff- 
cient condition along with (11) yields: 


as) E -L À CRX, À 


< gr(0, 0, t — to) 
+ rgż(0, 0, £ — to) 
— gis(0, 0, £ — to) 
t> to 


Thus, a sufficient but not necessary condi- 
tion for an imposed monopoly is that the 
monopolist’s average cost is less than the 
marginal cost less the change in marginal 
cost for any potential competitor. 

The conditions for such an imposed 
monopoly and the transition from an 
imposed to a natural monopoly are now 
demonstrated by an example. : 

Example B. Assume a linear demand 
function: 


u Readers can try Xf—g=r-+4-sin # to confirm this 
statement. 
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(B.1) 


The cost function is assumed to be only a 
function of changing production levels. 
These costs are assumed to be increasing 
over time as the firm is forced to use either 
machines more difficult to adjust or higher 
priced labor to adjust them. Specifically, 
the cost function for firm 1 is assumed to 
be: 


(B.2) g=aexp {dX}; ab>0 


The potential competitor is assumed to be 
not restricted as quickly; its cost is assumed 
to be lower than the monopolist’s cost for 
all periods: 


P=m—nX — nV 


(B.3)  g' =a exp {bYt — bYt} 


Until time to, firm 1 is a protected mo- 
nopolist. A policy decision is, however, 
implemented to prevent entry by com- 
petitors after fọ As will be seen, this deci- 
sion required certain actions of the firm 
before expiration of its protected mo- 
nopoly, but for the moment, we will con- 
sider the time after fo. 

After time žo the monopolist acts to 
satisfy (11) (using the equality sign only for 


simplification). This yields: 
ab bi abt 
(ae ee sh 
n n 


Note that for this example, if firm 1 has a 
natural monopoly, it will produce X 
=m/2n at t=0 and continue at that out- 
put forever according to (8). For a firm 
which is not a natural monopoly, it has to 
produce according to (B.4) which means 
that X=(m-+-ab)/n at period ło and 
X= —rab/n from then on. Given the 
‘demand curve this means a negative price, 
arid thus losses for the monopolist.“ As 


12 The reason that negative price results is that both 
firms are assumed, following Cournot, to have long-run 
marginal and average costs of zero. Note that an addi- 
tion of fixed unit cost to prevent the negative price 
would not add anything to the analysis but rather would 


time goes on, X decreases and eventually 
the firm moves back into the black. 
Another condition firm 1 must meet is 
that its MR is less than MC as specified in 
(13). For this example, this means: 
(B.5) m— 2nX 
< ob exp {bXt} (rt — 1 — 5X2) 
This inequality eventually, at some time 


i, is unsatisfied. Using (B.4), the value of 
tı is found to be the root of the equation: 


—m — 2rablg — 2ab + 2rabiı 


ra?b? 
—ab + rabh + — 
n 


t {i 
n 


After f the firm will have a natural 
monopoly. The production path after 4 
can therefore be solved by using (8) which 
yields: 


(B,6) 





(B.7) m — InX = abexp [bži} 
“(rf — 1 ~ bXt — bP X) 
>l 


Of course, before to when firm 1 had a 
protected monopoly, it also followed this 
equation to determine output, though the 
boundary conditions are X(0)=0 and 
X (to) = (m-+-ab)/n and thus the production 
path is different from that adopted by a 
natural monopoly. The difference arises, 


-in the constraints applied to production 


levels at fo and żı, as well as in the pro- 
duction path followed between fo and 4. 
Without the threat of outside competition 
the monopolist would maximize profits 
forever by producing m/2n. With the 
threat, he prepares himself during the 
period of patent protection to drive out 


obfuscate the point desired; a loss taken by a monopo- 
list may be a perfectly rational (although not neces- 
sarily optimal) decision under certain conditions. 
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opposition later by changing his produc- 
tion schedule (and thus his price) to’ pre- 
vent competition. Finally, he changes his 
schedule again because the threat is 
removed. So long as the present value at 
to is positive, which depends on the 
parameters, this can be a perfectly ra- 
tional course to follow. In fact, the result 
is not surprising because it appears strik- 
ingly like many a nineteenth ‘century 
monopolist. 


IV. Collusion and Oligo polistic 
Behavior 


Instead of competing, the monopolist 
may collude with the potential entrant for 
their mutual benefit. The objective is then 
to maximize the combined present values 
rather than for each firm to maximize on its 
own. The division of profits between them 
—a problem very much emphasized by 
studies in oligopolistic behavior—need not 
concern us except as it affects decisions 
implemented prior to fy. 

The objective at žo is clear; the com- 
bined present values are to be maximized. 
That is; 


(16) max [exh {~r} [x4 LYK F) 
X.Y ty 


—g(X; X, )—g(F, Ý, i—to)]dt 


For the case where the maximization is 
done over two decision variables, the 


Euler condition becomes two relations.. 


In this case, these are: 
(17) f+ (X + VY) fx = gx t+ rex — gixX 


— gii — gir 
{+(X + Vify = grt rgi girÝ 
— g'ir F — g'i 


Because fx=fr, the preceding systeni of 

equations implies: 
(18) (gx —g'r)trlgt— gi) — (ete gti) 
= (gixX — g'irÝ) + (giż¥ — g'ir Ý) 


This is a differential equation condition 
involving only cost parameters and is 
analogous to the static two plant monopoly 
case. (See, e.g., [5, p. 196].) 

The following example is used to illus- 
trate this case: 

Example C. Assume the demand func- 
tion is again linear; 
(C.1) P=m—nX —nY 
The cost functions are related only to 
changes in output and are identical: 


(C.2) g(X, X, i) = X3/2 
a(Y, Ý, i) = ¥3/2 
Until time é, firm 1 has a protected 
monopoly. The boundary conditions are 
therefore X(0) =0, X(%) =m/2n. The pro- 
duction path from 0 to fy is then: 


m ( j f —i at) 
= — 1 — exp I en a eE 
2n 2 


t< bo 


After la, the two firms collude and behave 
according to the differential equations in 
(17). The initial condition for X(é) is 
given by (C.3) and for F(ż)=0. The end 
condition at f= is X+Y=m/2n. The 
production paths for both firms are there- 
fore: 


m 
Cae Gg ee 


m 
Y = — («e — 8) L> ty 
ån 
where 


a 


II 
2 
“ 

uo! 


E ET 
aa 


2 
r (VE F 16n — vr? + 8n 
fg E 
2 
(U e vey ior} 
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The ultimate outputs, asymptotically ap- 
proached, are: 


m MA 
C5) Pe Osa), Y=— 
(C.5) : (2 — a) r 


Thus, with this optimal collusion strategy, 
the share of each firm will depend on the 
length of time firm 1 had a monopoly. 

The collusion strategy followed by the 
monopolist may be harmful to his interests. 
He bargains from less strength than he 
might if he increased output before to. 
The results generated are however due to 
the cost and demand functions chosen and 
the collusive agreement. 

A relevant question is whether the con- 
sumer will enjoy lower price than if a 
monopoly is continued after ¢o. It is clear 
that, asymptotically, the consumer is ex- 
actly as well off in each case. However, for 
this example, the total output from the 
duopoly is: 


(66) Ere Ce Sh 
2n 


The total output, had firm 1 remained a 
monopoly, would be given by (C.3). Be- 
cause the value of (C.6) is greater than 
the value of (C.3) at any time, the con- 
sumer will pay lower prices and thus be 
better off under the collusive duopoly than 


under monopoly. Therefore, even if the | 


asymptotical result of a dynamic collusive 
duopoly is the same as the static equilib- 
rium result, the production paths indicate 
that the consumer will enjoy a lower price. 

It is also feasible to extend the dynamic 
duopolistic collusion concept in the same 
way dynamic monopoly is extended in 
Sections II and ITI. The duopoly may be a 
natural duopoly or an imposed duopoly. 
There may even be collusive triopoly solu- 
tions. Carrying the extension to the ulti- 
mate may be thought of as giving an ex- 
planation for all conditions from monopoly 
to perfect competition. However, we note 


that not only do the equations become rap- 
idly more complex as the number of firms 
becomes larger, but also that stronger and 
more tenuous assumptions are needed. For 
instance, regional and other differences in 
cost, not allowed in the model, are likely 
to assume a greater role. Assumptions will 
also have to be made on the conjectural 
variations of each firm. Hence, the area is 
open for further research. 


V. Conclusion 


This paper constructs a dynamic 
duopoly model. The model contains three 
equations: (1) a price equation applicable 
to both firms which specifies price as a 
function of time and total quantity pro- 
duced by both firms and (2) a cost equa- 
tion for each of the two firms specifying 
total cost as a function of quantity pro- 
duced, the rate of change of quantity pro- 
duced, time and the lead one of the firms 
enjoys. Present value maximization is then 
used as the decision criterion to derive two 
differential equations from which the time 
paths of quantity produced and price 
charged by each firm can be determined 
provided that the conjectural variations 
are specified. 

The model is then used to determine the 
conditions under which a natural or an 
imposed monopoly can exist. It is shown 
that while scale economy can be a signifi- 
cant factor for a natural monopoly to exist, 
such factors as the time lead a firm has, 
the expected shift in cost of changing pro- 
duction levels, etc., can play an equally 
important role in the maintenance of 
monopoly power. It is further shown that, 
for an imposed monopoly to be effective, 
the monopolist may have to prepare him- 
self during the period he has a protected 
monopoly by changing his production path 
and thus his price path to drive out his 
competitor. Examples are presented to 
illustrate these points. 

This paper finally compares the ef- 
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ciency of collusive duopoly with that of a 
monopoly. It also discusses the different 
problems one has to face if the dynamic 
duopoly model presented herein is to be 
further extended to study polyopoly prob- 
lems. 

Finally, it appears that many kinds of 
dynamic monopoly and entry problems 
can be studied in great depth within the 
context of the model. For example, the 
question of what effect a rapid growth of 
demand will have on monopoly power can 
be studied by specifying the form of the 
price equation more explicitly. The effect 
of wage rates and raw material ownership 
on monopoly power can also be studied by 
specifying the form of the cost equation. 
The conditions under which both a natural 
and an imposed monopoly cannot be 
maintained to prevent entry can also be 
studied by specifying the forms of all 
equations and if necessary by introducing 
some public policy constraints. Indeed, 
many problems of dynamic nature can 
either be attacked within the context of 
the model or by a slight alteration of the 
functional relationships. 
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Differences 1n Efficiency Among 
Industries in Developing Countries 


By Marx R. Dantrets* 


One persistent question which comes up 
in the literature on international trade 
concerns the Heckscher-Ohlin theorem 
and the discussion surrounding com- 
parative advantage and differences in 
relative factor endowments. Much of the 
discussion stems from the Leontief para- 
dox and the large number of papers offered 
in explanation of the apparent contradic- 
tion to the general equilibrium explanation 
of differences in comparative costs among 
countries. Among these it has been cor- 
rectly re-emphasized [6] that in reality 
relative prices may be influenced by con- 
ditions other than factor proportions. In 
particular, differences in relative efficiency 
among countries and industries may be 
one of these influences. Empirically very 
little is known about the extent and nature 
of international differences in efficiency 
and the purpose of this paper is to present 
some preliminary statistical evidence on 
the question.? 

The concept of efficiency employed here 
is a familiar form of residual where effi- 
ciency is defined and measured as any 
variation in output per worker unexplained 


* The author is assistant professor of economics at 
Brown University, on leave as a Brookings Economic 
Policy Fellow for the academic year 1968-69. He is 
indebted to his colleagues, F. X. Colaço and M. B. 
Schupack for helpful comments on the form and sub- 
stance of this paper. Thanks are also due for useful 
comments made by H. Louis Stettler IM, Irma Adel- 
man, Kelvin Lancaster, and a referee for this journal. 

1 See, for example, the discussions in Caves [4, pp. 
273-81] and Clement, et al. [5, pp. 98-104]. 

3 Tt should be noted that the first evidence of the kind 
presented here was given by K. Arrow e al. Their results 
did show the presence of significant efficiency variations 
o a small number of countries and industries [2, p. 
235]. 
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by weighted differences in the capital- 
labor ratio. Specifically the problem be- 
comes one of providing estimates of the 
neutral scalar in the constant elasticity of 
substitution (CES) production function 
[2]. The weighting scheme in this case is 
a combination of parameters explicitly 
involving certain substitution and dis- 
tribution characteristics of the production 
process. Since the development of the func- 
tion is complete in the literature, the model 
will only be outlined. After a discussion 
of some data problems an array of eff- 
ciency estimates is presented for a group 
of manufacturing industries in a number of 
developing countries. An analysis of vari- 
ance of these estimates substantiates the 
hypothesis that industrial efficiency ap- 
pears to vary systematically by country, 
indicating that, in general, the majority 
of industries in one country are more 
efficient than those in another. Further 
testing shows the emergence of three or, 
perhaps, four distinct efficiency groupings 
within which no distinct pattern emerges 
but between which the hypothesis of sys- 
tematic variation is borne out. 


I. The Basic Model 


For each industry we begin with a degree 
one homogeneous production function in 
two variables, capital and labor, written 
as: 


(1) 


where V is the amount of value added in 
the production process. The parameters 
ô and p are constants while y, the neutral 
efficiency measure in which we are in- 


V = ylk + (1 — dL}, 
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terested, is free to vary across countries. 

Assuming the productivity of raw ma- 
terials to be the same across countries (by 
virtue of which assumption the production 
function is written in terms of value added) 
and assuming equilibrium to prevail in 
competitive markets where labor’s and 
capital’s real wages equal their marginal 
products, it is possible, except for esti- 
mating the value of p, to solve (1) alge- 
braically for the values of y in each 
country. This is, in fact, the procedure 
used by Arrow, et al. [2], and later by 
Minhas [17]. 

The value of p is obtained from a side 
relation where l 


(2) © p= (i/o) — 1. 


Estimates of o, the elasticity of substitu- 
tion, are obtained for the ith industry 
from a log linear regression of the average 
product of labor on the wage rate given by 
the following equation? 


VV) 
(3) log (=) = a4 +o log Wij + ey 
if 


j=il-+-+m, where m is the number of ob- 
servations (countries) in the sample. 
Differentiating (1) with respect to L and 
K and equating the partial derivatives to 
the ratio of factor prices, we can solve, with 
the aid of the homogeneity condition, for: 


KP [V — wL 
Sa a 
L wL 
m a 
L wL : 
3 It turns out this form of the regression equation is 
incorrect except when there are no efficiency (y) differ- 


ences among countries. This can be seen by differentiat- 
ing (1) with respect to L and writing: 








log + = m+ o log (w + 7°), whereas = — e log (1 — 8). 


Clearly, if the wage rate varles positively with efficiency 


For each industry we have an estimated 
value for e. Substituting, then, for e in 
(2) we can solve for vatues of p. With a 
measure of capital input, labor input, 
value added and the total wage bill for 
each country, (4) can be solved for ô. 
Finally, values for ô and p along with the 
corresponding measures of capital, labor, 
and value added may be substituted in (1) 
in order to determine a value for y by 
country in each industry. 


II. Comments on the Data 
Countries in the Analysis 


The countries from which data were 
selected and their corresponding census 
years are Argentina (1954), Chile (1957), 
El Salvador (1956), Korea (1958), Para- 
guay (1955), Peru (1956), Portugal (1958), 
and Spain (1961) [23] [24] [25] [27] [28] 
[29] [30] [31]. The sample size was 
initially defined to include only the range 
of developing countries—that is, most 
countries except those in Northern and 
Western Europe, Canada, the United 
States, Japan, Australia, and New Zea- 
land. (Countries in the Communist Bloc 
were not considered.) Ali of the countries 
chosen exhibited essentially the same 
structural characteristics and had a per. 
capita income level below $500 a year. It 
should also be noted that by limiting the 
sample in such a way the problem of 
heterogeneity in industrial output at the 
two-digit level is minimized, thus adding 
more credibility to the subsequent notion 
of a production function for each of these 
industry groupings.’ ‘>.> - 

Data on value added and wage rates are 
not too difficult to come by for a large 
number of countries. Unfortunately, how- 








then the correct value of the independent variable in 
(3) is understated in high-wage countries as it may be 
overstated in low-wage countries. As a consequence, if 
there are variations in efficiency, the estimates of e 
given by (3) are overestimates of the true c. 
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ever, estimates of capital inputs are far 
more scarce and since such observations 
are needed for the proposed measurement 
of efficiency differences, the sample was 
necessarily reduced to those countries for 
which such series are available. As a 
result of this restriction the sample size 
was cut to eight countries, not surprisingly 
providing too few observations for signifi- 
cant estimates of the regression coefficient 
in (3). Consequently, wherever possible, 
each country in the sample has been repre- 
sented by data from the territories, prov- 
inces, or states within the country. ` 


The Problem of Exchange Rates 


In the work done by Minhas, data were 
converted to U. S. dollars by using official 
exchange rates and, in a case of multiple 
exchange rates, the free market rate. For 
countries on a system of multiple rates the 
problem with using the free rate—when 
available—is that it, too, is often an ad- 
ministered rate intended to apply to trans- 
actions such as unlicensed capital transfers 
not otherwise covered by the schedule of 
multiple rates. Since most of the countries 
studied by Minhas do not have multiple 
rate structures, the issue of using free rates 
did not pose a particular problem. In any 
case, he generally sidesteps the issue by 
assuming wage rates to be unrelated to 
deviations of the actual exchange rate 
from the true equilibrium. 

With the exception of El Salvador and 
Portugal, however, all the countries stud- 
ied here were under a system of multiple 
rates in the years for which census data are 
available. For these countries there is a 
good reason for rejecting the use of free 
rates. Argentina, Chile, and Paraguay are 
the only countries for which a free rate is 
actually quoted and this is an adminis- 
tered rate in all three cases. For the re- 
maining countries there is little to choose 
between the various official rates listed 


and certainly no apparent way of choosing 
the rate that best approximates the true 
equilibrium rate.‘ 

In lieu of using a schedule of official and 
free rates, it was possible to construct two 
alternative sets of exchange rates. The 
first is a series based on the dollar conver- 
sion rates for statistics on world exports,® 
and the second, the one which is used, is 
based on a purchasing power parity calcu- 
lation.® The use of export conversion rates 
was rejected primarily because such rates 
appear to be, for the most part, weighted 
averages of the multiple rates quoted by 
each country. Furthermore, if we assume 
the parity calculation to be even a rough 
approximation of the equilibrium rate of 
exchange, it is obvious that Argentina, 
Chile, and Paraguay have significantly 
overvalued exchange rates.’ In fact, this 
is supported by observing that many of the 
converted wage figures are much higher 
than we would reasonably expect in these 
countries. 


4 For a discussion of the exchange rate structure of 
the various countries in the sample, see the Country 
Notes in the I.M.F., International Financial Statistics 
[26] for any of the years immediately after the date for 
which the particular census material is available. 

5 See [32] [33]. No rates were quoted for Argentina, 
Chile, Paraguay, or Korea since these countries already 
express the value of their exports in dollars, For all but 
Korea the rates were determined by taking the ratio of 
the dollar value of exports to the value of exports ex- 


_pressed in local currency. In the case of Korea the rate 


was given by a schedule of implicit conversion rates in 
International Financial Statistics, KU, No. 10, Oct. 
1959, p. 177. 

t See [34, pp. 444-45]. The rates quoted in the above 

source, based on an assumed 1938 equilibrium are calcu- 
lated only up to 1953. To bring the conversion rates up 
to date the 1953 rate was multiplied by the ratio of 
wholesale price indices (1953—100) between the 
United States and the country in question. The ratio of 
cost of living indices was used where no indices of 
wholesale prices were available. 
- 7™¥or Argentina the calculated purchasing power 
parity rate of exchange in U. S. cents per unit of na- 
tional currency is 4.942 while the corresponding export 
conversion rate is 15.193. A similar comparison for 
Chile is 114.287 to 190.934 and for Paraguay, 1.393 to 
3.323. 


162 THE AMERICAN ECONOMIC REVIEW 


In spite of its limitations, most writers 
acknowledge that the purchasing power 
parity may provide a reasonable first ap- 
proximation to the equilibrium rate of 
exchange, especially in periods charac- 
terized by marked changes in the price 
level.2 The importance of choosing the 
appropriate exchange rate is indicated by 
computing the regression coefficient in (3) 
using data converted to U. S. dollars by, 
first, the purchasing power par rate and 
then the export conversion rate. Since the 
number of observations differs within 
' countries not even the ordinal ranking 
of the regression coefficients is preserved 
and the value of the elasticity of substitu- 
tion based on the export conversion rates 
is significantly higher in all but six of the 
industries considered. 


A Measure of Capital Input 


The problem of obtaining a tenable 
measure of the contribution of capital to 
the production process continues to be the 
most serious stumbling block in this kind 
of analysis. Once the sample is restricted 
to developing countries, then, even the con- 
ventional measures, gross or net book val- 
ue of capital stock, are usually unavailable. 

The measure of capital input used here 
is the rated horsepower capacity of in- 
stalled prime movers and electric motors 
in operation.’ The primary reason for 
choosing this particular proxy for capital 
stock is that fairly complete figures exist 
and are more or less independent of the 
accounting and collection techniques em- 
ployed in the census divisions of the var- 


8 See, for example, Haberler, [12 pp. 45-51]. More 
recently a comprehensive discussion of the problem 
appears in Holmes [13, 686-95]. 

° A prime mover is considered as a device for convert- 
ing energy in nature directly into the energy of motion. 
Electric motors do not fall into this category insofar 
as they consume electric energy which itself must be 
first produced by a prime mover. From the standpoint 
of the firm, however, electric motors operated by power 
purchased externally may be thought of as prime 
movers. Further problems with measurements are dis- 
cussed in the text. 


ious countries under consideration. The 
reliability of these particular figures de- 
pends only upon the ability of the firms in 
question to record the rated horsepower 
which the manufacturer specifies on his 
equipment. That this may be a crude 
measure of the contribution of capital to 
the production process is undeniable. On 
the other hand, in a sample restricted to 
manufacturing industries rated capacity 
may give a reasonable indication of the 
capital input at least as reliable as the 
rough estimates of capital stock sometimes 
made available. 

It has been argued that energy con- 
sumption provides a good index of the 
capital stock [7] [10] [20] [22]. Indus- 
tries that are the largest consumers of fuel 
and power are also the most capital in- 
tensive. But even having demonstrated a 
tenable relationship between energy con- 
sumed and capital stock, it does not neces- 
sarily follow that there is the same relation 
between rated capacity and capital stock. 
This is due to the fact that the conversion 
of energy to work differs on the average 
between prime movers and electric motors. 
Since there is no reason to presume that 
the mix of the two classes of machinery is 
identical across countries, the use of rated 
capacity may bias the measure of capital 
input even if energy consumption is in a 
one-to-one correspondence with capital 
stock. Again the apologist’s view is that 
for any given industry the prime mover- 
electric motor mix is roughly the same and 
because the appropriate energy to work 
conversion ratios are similar, about 25 to 
30 per cent for prime movers and 35 to 40 
per cent for electric motors, any substan- 
tial bias is unlikely to be introduced by 
using rated capacity in place of energy 
consumed.!° 

10 At the risk of being carried away by our apparent 
good fortune in finding a viable index of capital stock, it 
would be well to call attention to another of the obvious 
shortcomings of the measure. Clearly the contribution 


of nonenergy using capital, namely land and plant, is 
being ignored in the implicit assumption that its contri- 
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Some additional care must be taken with 
using rated capacity since there could be a 
strong element of double counting con- 
tained in the measure. This arises because 
much electric power is produced in steam- 
generating plants and it turns out that 
most aggregate horsepower figures avail- 
able count not only the output of electric 
power but also the output of the prime 
movers used to produce that power. For 
the industrial sector as a whole this limi- 
tation can cast considerable doubt on the 
reliability of the rated capacity measure 
as an index of capital stock or mechaniza- 
tion since the industrial sector as a whole 
includes the electric power industry. For 
the manufacturing sector alone, however, 
this problem is not likely to cause too 
much trouble since most firms can be ex- 
pected to buy their electric power from 
external sources; that is, from a centralized 
electric power industry in a particular 
region. To the extent firms employ any 
equipment for generating power internally 
there will be an element of double counting 
in the rated capacity figures. This is so 
since firms recording such figures include 
not only the horsepower of, say, a diesel 





bution to the production process is minimal and identi- 
cal for each industry across countries. If this is not true, 
then there may be a further bias introduced into any 
efficiency estimates based on rated capacity. Imagine, 
for example, an industry with the same rated capacity 
. and labor force in each of two countries. In one case the 
equipment is installed in a modern plant while in the 
other it is installed in an antiquated building. In all 
probability the former country would appear more 
efficient when this might not be the case at all since the 
effective capital-labor ratio is being substantially under- 
stated by using rated capacity as a measure of capital 
stock. In reality, however, such polar cases are not 
likely to occur, particularly at the manufacturing in- 
dustry level, and consequently, it is possible to again 
reasonably vindicate the proxy for capital stock. At the 
same time, however, it must be reemphasized that 
what we have here as a measure of capita] stock is only 
a statistical artifact. The question is only how good a 
statistical proxy do we have and not how good a 
theoretical notion of capital do we have? In fact, some 
studies of engineering production functions at the firm 
level indicate a trade-off between energy consumption 
and capital stock for a given level of output. 


operated generator but also that of any 
electric motors which operate on the elec- 
tricity produced by that generator. The 
available statistics provide no way of de- 
termining to what extent this problem may 
or may not exist in the present circum- 
stances. None of the census material sur- 
veyed provides information on what pro- 
portion of total electric power was pur- 
chased externally for the purpose of 
operating electric motors, a figure which 
would be a correct one and would avoid 
double counting. 

When dealing with developing countries 
it is tempting to argue that since these 
countries are relatively capital poor they 
probably make complete or nearly com- 
plete utilization of their capital stock. 
Unfortunately this does not always seem 
to be the case, but in the usual absence of 
appropriate data no attempt has been 
made to develop an adjustment factor for 
determining the percentage of capital 
input being effectively utilized in the pro- 
duction process. The problem is com- 
pounded further by the fact that the de- 
gree of utilization differs between prime 
movers and electric motors. Even on the 
assumption that the prime mover-electric 
motor mix is the same by industry across 
countries it is still necessary ideally to find 
a factor for adjusting one or the other 
element of rated capacity in terms of rela- 
tive differences in the effective degree of 
utilization between the two. Again no such 
correction proved possible and apart from 
noting the problem the data were left 
unadjusted. 


HI. Estimates of Efficiency 
Table 1 presents estimates of the elas- 
ticity of substitution for 17 industrial 
groupings based on the U.N. two-digit 
International Standard Industrial Classifi- 
cation." Utilizing the estimates in Table 1 


1 The regression equation from (3) is given for each 
industry as 
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and based on the procedure described 
through equations (4), Table 2 provides 
estimates of the efficiency parameters for 
selected two-digit industries." Since the 
purpose of this study is to provide some 
insights into the nature of international 
differences in industrial efficiency the next 





Vv 
log (>) = a 4 o log wy + ep 
L/ jn 


j=i-+-++m where m is the number of countries; 
k=1 » » » where? is the number of territories, 
or states in the j country. 

V/L=thousands of dollars of the value added per 

man year, 
w=average wage per man year in thousands of 
dollars, 

1t While the estimates of o given in (3) are clearly 
biased if y varies across countries, it turns out that the 
computed values of y are relatively stable and gen- 
erally insensitive to changes in ø. To test this point, 
efficiency parameters were calculated based on a num- 
ber of values of e ranging from one-half to twice those 
in Table 1. Chosen in this way the range of values of ø 
for each two-digit industry grouping encompasses 
nearly alli similar cross-section estimates provided by 
Minhas [17], Minasian [16], Bell [3] and others sum- 
marized in Nerlove [19]. The results indicate that these 
substantial changes in the elasticity of substitution 
‘make relatively little difference to the efficiency esti- 
mates. In most cases the y values differ by only a few 
per cent and the ordinal ranking from most to least 
efficient is completely preserved. 

It should be noted at the same time that the insensi- 
tivity of the measures of y to changes in o does not 
come about for compelling economic reasons. Indeed, 
the degree of sensitivity is a function of the units of mea- 
surement of capital and labor as well as the extent to 
which the capital-labor ratio in any one country differs 
from a particular “critical”? value. To illustrate this 
point, (1) may be rewritten as: 


y = yle + (1 a)Je 


y=V/L and s=K/L. If x=1, which is to say for any 
one country the units of K and L are chosen such that 
K=L, then y will be unaffected by changes in o (which 
result in changes in p). Once the units of K and L have 
been chosen then the “critical’’ value of K/L is estab- 
lished at unity. Within an industry we can imagine hav- 
ing chosen K and L such that for a particular country 
their ratio is one. But the K/L ratio differs across coun- 
tries and the further the value of K/L differs from unity 
in the next country, the more sensitive will be its value 
of y to a change in ø. Of course, we are not free to vary 
the units of measurement of K and L once they have 
been chosen but it so happens in this case, with K mea- 
sured in single units of rated capacity and L measured 
in man-years, that most of the K/Z ratios do not differ 
greatly from one. For those that do we find an increas- 
ing degree of sensitivity of y to changes in o. ` 


step is, therefore, to provide some analysis 
of the efficiency estimates. To this end the 
array of coefficients in Table 2 actually 
tempts a row-by-row comparison which 
would not be valid. An efficiency measure 
of .75 for Chile in Industry 20 only has 
meaning when compared to other countries 
within the same industry. Any attempt to 
compare the efficiency measure for Chile 
in Industry 20 with that of, say, Chile in 
Industry 21, or indeed any other industry 
or country outside 20, will not lead to 
meaningful or useful conclusions. 

This point is simply another way of 
viewing the neutrality criterion. Within 
an industry, where the other parameters 
in the production function are assumed to 
be constant, one country may be viewed as 
relatively more efficient than another if its 
efficiency parameter has a higher value. 
Between industries at least one parameter 
in addition to the efficiency measure may 
be different, making direct comparisons of 
the scalar, in general, therefore, impos- 
sible.® Suppose, for example, there are two 


13 Following Arrow e al. [2, p. 235], a test of the neu- 
trality assumption (8 constant) may be provided by 
rewriting (1) in the form 


(5) V = (6K-* + aL), 


where B=ésy~’ and a= (1—8)y ”. From (5) if œ is con- 
stant, or nearly so, efficiency variations would be con- 
centrated in capital and, conversely, in labor for a con- 
stant 8. From the definitions of 8 and a it is clear that 
if 8 and a vary proportionately (that is, 8/a is a con- 
stant) then 8 is a constant. It is possible to compute 
coefficients of variation to see which of a, £ or é is the 
more nearly constant. It turns out that for the indus- 
tries in Experiment 1 in the text below the average 
coefficient of variation for ò is 13.34 per cent compared 
with values almost half again as large for œ and £, 18.05 
per cent and 19.24 per cent respectively. On these 
grounds we accept the relative constancy of ô as being a 
best choice of the three alternatives. 

In support of the assumption of degree one homo- 
geneity in the production function, for the majority of 
industries no significant correlation either positive or 
negative was present between the efficiency measures 
and scale of operations measured as average value 
added per firm. Sample sizes were too small to provide 
a decisive test but there appeared no substantial reason 
for rejecting the assumption of constant returns to scale 
on the basis of available evidence. 
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TABLE 1—EsTIMATES OF THE ELASTICITY OF SUBSTITUTION ny Two-Diorr INDUSTRY GROUPING 








International Standard Industrial Classification 


Food industries 

Beverage industries 

Tobacco 

Textiles 

Footwear, other wearing apparel, and made-up 
textile goods 

Wood and cork, except furniture 

Furniture and fixtures 

Paper and paper products 

Printing, publishing and allied industries 

Leather and leather products except footwear 

Rubber products 

Chemicals and chemical products 

Nonmetallic mineral products 

Basic metal industries 

Metal products, except machinery and transport 
equipment 

Electrical machinery and apparatus 

Transport equipment 
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Coefficient of 

Standard Determination 

Error of o R 

7506 -7367 
1.3517 . 5380 
1.4956 .8157 
1.0151 -8439 
. 7883 3615 
.8640 -6852 
8025 .5069 
1.3394 .7798 
8209 . 7059 
.5334 4004 
1.3074 -8627 
1.0918 -7037 
1.1151 8477 
1.8023 .5779 
.9708 .5753 
3826 .1518 
4695 4722 








Source: Individual country data [23] [24] [25] [27] [28] [29] [30] [34]. 


industries each of which is characterized by 
a Cobb-Douglas production function. In 
both cases the elasticities of substitution 
are the same but the elasticities of output 
with respect to inputs differ; that is, imag- 


ine Chile in Industry 20 having the pro- 
duction function V=.5K-°Z£-4 and in 
Industry 21 having the production func- 
tion V=.7K4Z.-", as illustrated in Figure 1. 

In this case it is not possible to argue 


TABLE 2—EFFICIENCY ESTTMATES 























In- | Argen- : El Sal- 

dustry | tina Chile vador Korea 
20 (*) . 7528 4297 
21 (*) 8989 | 2.1883 | 2.1984 
22 9.1964 | 14.4979 | 2.4244 (*) 
23 9132 .7874 | .7258 | .8707 
24 3.5582 | 1.5528 | 1.7979 | 2.7468 
25 A674 .4269 | .7360 | .5815 
26 (*) .9130 | 1.8002 | 1.3013 
27 4596 «3140 | .4215 | .5128 
28 1.4867 | 1.4820 | 2.2985 | 1.4259 
29 1.1811 .5728 | .8837 | 1.6723 
30 7034 9946 | .7756 | .5833 
31 «7854 .7961 | 1.2611 | .3790 
33 5033 -6350 | .7169 | .6920 
34 (*) -6516 |-1.2629 | .7082 
35 *) .5959 | 1.4269 | .6984 
37 1,3428 | 2.1809 | 7.1362 | 1.7630 
38 (*) 1.1718 | 1.7626 | .7405 














Source: Individual country data [23] [24] [25} [27] [28] [29] [30] [31]. (*) indicates data 


were not available. 
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Industry 20 
y K 
log L log .6 + .6 log T 
Industry 21 
K 


log .7 +t .3 log T 


log K 


FIGURE 1. AN EXAMPLE OF NONCOMPARABILITY 
OF EFFICIENCY COEFFICIENTS 


that Chile is more efficient in 21 than in 20 
since the efficiency measures are not com- 
parable. Figure 1 makes it obvious that 
whether Chile is more efficient in 21 than 
in 20 depends not only upon the relative 
height of the production function (the 
neutral efficiency measure) but also upon 
the particular value of the capital-labor 
ratio. We can say a country is unequivo- 
cally more or less efficient in one industry 
than in another only if differences in y 
affect both factors identically leaving the 
ratio of their marginal products a con- 
stant. Even normalizing each of the rows in 
Table 2 in terms of one country would not 
improve the comparability of the esti- 
mates." 


M4 This issue of noncomparability is an important one 
since it involves establishing the basis for a particular 
analytical approach to be used in providing evidence on 
systematic efficiency variation across countries. At the 
risk of laboring the issue perhaps one simple parallel 
example will serve to clarify any additional questions on 
the point. Suppose there are four or five individuals 
each of whose daily diet is made up entirely of, say, four 
different kinds of fruit. Each person has some of each 
fruit but they all have different amounts. A researcher 
wants to know if there is any significant difference in 
the nutritional value of the diet available to each indi- 
vidual. Certainly one question he can ask is whether or 
not there is a significant difference in the mean number 
of pieces of fruit in each diet. The problem with asking 
such a question, however, is that it provides no real in- 
formation on the comparative nutritional value of the 
diets. Obviously what is needed is a common denomina- 
tor in which to express the various elements in each diet, 
like calories or some appropriate measure. 

Suppose now we come back to the coefficients in 


Thus, the problem is to find a common 
unit of account to compare the efficiency 
coefficients in Table 2. One solution is to 
provide a test based on efficiency ranks. It 
is possible to rank the efficiency estimates 
within each industry starting from most to 
least efficient and ask whether or not there 
is any significant difference in the mean 
efficiency ranking between countries. In 
other words, if the estimates in Table 2 
are transformed into an array of ranks, 
do the countries in the sample appear to 
be systematically more efficient or less 
efficient or do they all have about the 
same number of relatively efficient and 
and inefficient industries when compared 
to one another? 

This amounts to a problem in the analy- 
sis of variance based on a two-way classifi- 
cation of the efficiency ranks—by industry 
and by country. From Table 2, however, 
there are some missing observations and 
while the technique for dealing with these 
in a completely randomized design is easy 
to handle, for randomized blocks more 
than one or two missing observations can- 
not be dealt with adequately [15, pp. 
229-32]. As a consequence of this diffi- 
culty, for analytical purposes Table 2 may 
be broken down to yield three separate 
and overlapping experiments, each one 
designed so as to contain no missing ob- 





Table 2 and ask the question whether or not there is 
any systematic variation in efficiency across countries. 
This is analogous to the question asked by the researcher 
in the preceding example. The temptation is to add up 
the various columns of efficiency coefficients and test to 
see if there is a significant difference in mean efficiency 
units across countries, This is, however, a solution 
identical to the one in the example and in the absence 
of some common denominator such a test, like compar- 
ing mean numbers of pieces of fruit, provides no useful 
information on systematic efficiency variation. 

138 A test very similar to variance analysis on ranked 
data is available through computing Kendall’s coeffi- 
cient of concordance [14, pp. 80-98]. In this case, how- 
ever, since we require the variance analysis framework 
for further tests it is convenient to adopt it throughout 
this section. 
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servations. The experiments are given as 
follows: 


1. To contain the largest possible com- 
plete block of ranks; this covers 
industries 23 through 33, excluding 
26 and 32, and across each of the 
countries except Portugal. 

2. To include Portugal in as many in- 
dustries as possible; namely 25, 27, 
and 30, Industry 22 being excluded 
since other observations are missing. 

3. To see what effect excluding Spain 

_ would have on the conclusion about 
systematic efficiency variations. This 
is done since it seems from Table 2 
as if Spain ranks as the most or near 
most efficient in the majority of 
industries. For this reason it was felt 
that Spain might be enough to render 
a significant difference in mean rank 
and it would be interesting to see if, 
excluding Spain, results would be 
the same. This experiment covers 
industries 23 through 37 excluding 
26, 32, 35, and 36 and across each of 
the countries except Portugal and 
Spain.?é 


The figures in parentheses in Table 3 in- 
dicate the rank equivalents of the three 
experiments. 

The hypothesis to be tested in all three 
cases is that there are no significant dif- 


Strictly speaking it is only legitimate to drop se- 
lected rows and columns in Table 3 from the analysis if 
they are independent of one another. This restriction 
holds up all right by industry but by country some diff- 
culties arise. Each of the efficiency estimates in an in- 
dustry depends upon a certain value of ¢ which is deter- 
mined from the regression equation (3). By excluding a 
particular country the regression analysis should actu- 
ally be repeated without including that country’s obser- 
vations on V/L and w. In this case, however, we only 
exclude Spain in one experiment, Portugal in another, 
and both in a third. This means, at most, two observa- 
tions in the regression analysis (since no provincial data 
were available in Spain or Portugal). Thus, the regres- 
sion coefficient would be unlikely to change signifi- 
cantly and, given the insensitivity of y to changes in g, 
certainly the efficiency ranking would be preserved. 


ferences in mean efficiency ranking by 
country. The assumptions under which it 
is possible to test this hypothesis require 
that each of the observations (ranks) be 
drawn from normal populations with the 
same variance. To satisfy these conditions 
while preserving the ranking derived from 
the experiments selected from Table 2, 
a normal score transformation can be 
applied to the ranks. Table 3 gives the 
results of such a transformation. This 
transformation is designed for use on 
ranked data and through it any such popu- 
lation may be transformed into a normal 
population with mean equal to zero and 
variance equal to one. The normal scores 
are themselves the # averages of the 
ranked observations of all possible samples 
of size n drawn from a normal population 
with mean equal to zero and variance 
equal to one [15, pp. 517-22]. 

In testing the hypothesis that there is no 
significant difference in mean efficiency 
ranking the statistic 


Country mean square 


Error mean square 


with k—1 and (k—1)(m—1) degrees of 
freedom may be used. For each experiment 
k is equal to the number of countries and 
n is equal to the number of industries. The 
computing method for the analysis of 
variance of the normal scores is quite 
simple since both the grand total of all 
observations as well as the individual 
industry totals are equal to zero. The 
industry effects are thus completely elimi- 
nated. Table 4 provides a summary of the 
analysis of variance in each of the three 
experiments. 

In all cases the F-value is significant at 
the 5 per cent level, which means there is a 
difference in mean ranks and efficiency 
may be viewed as varying systematically 
across the countries in the sample. The 
result also holds at the 1 per cent level but 


TABLE 3—NoRMAL SCORE TRANSFORMATIONS OF THE RANK EQUIVALENTS 
OF THREE EXPERIMENTS DESIGNED TO TEST FOR SYSTEMATIC 
EFFICIENCY VARIATION 


Experiment 1—Largest complete block: 

















pak Bai Chile ne Korea | Paraguay | Peru | Spain 
23 -76 .00 — 35 35 —1.35 —.16 1.35 
(2) (4) (5) (3) (7) (6) (1) 

24 1.35 — .76 — .35 76 .00 —1.35 35 
1 @ (6) (5) (2) (4) (7) (3) 

25 00 — .35 76 35 —1.35 — .76 1.35 
(4) (5) (2) (3) (7) 6) (1) 

27 .00 —1.35 — .35 35 ‘—.76 76 1.35 
(4) (7) (5) (3) (6) (2) (1) 

28 00 — .35 1.35 —.76 35 —1.35 76 
(4) (5) (1) (6) (3) (7) (2) 

29 35 —.76 — 35 1.35 —1.35 76 
(3) (6) (5) (1) (4) (7) (2) 

30 — 35 76 00 —.76 —1.35 35 1.35 
(5) (2) (4) (6) (7) (3) (1) 

31 — .35 00 76 —1.35 —.76 35 1.35 
(5) (4) (2) (7) (6) (3) (1) 

33 —.76 00 76 35 —1.35 — .35 1.35 
(6) (4) (2) (3) (7) (5) (1) 


Experiment 2—Including Portugal: 
Argentina Chile El Salvador Korea Paraguay Peru Portugal Spain 


25 —.15 —.47 85 15] —1.42 | —.85 47 | 1.42 





Experiment 3—Excluding Spain: 
Argentina Chile El Salvador Korea Paraguay Peru 
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TABLE 4—ANALYSIS OF VARIANCE FOR THE NORMAL SCORE RANK EQUIVALENTS 
Significance Level of F 
Degrees for Appropriate Degrees 
Experiment Source of Sum of of Mean F of Freedom 
Variation Squares Weedon Square Be A te 
at 5 per cent | at 1 per cent 
1. Largest complete Industry 0 0 F 
block Country 19.6373 6 3.2729 6.10 3.40 3.20 
Error 25.7695 48 .5369 
Total 45.4068 54 
2. Including Portugal Industry 0 0 
Country 10.7866 7 1.5409 3.03 2.77 4,28 
Error 7.1072 14 5707 
Total 17.8938. 21 
3. Excluding Spain Industry 0 0 
Country 9.5804 5 1.9161 2.72 2.42 3.45 
Error 31.6696 45 . 7038 
Total 41.2500 50 














only in Experiment 1; in.the other two 
cases the F value is not significant. Gen- 
erally if we view the countries and indus- 
tries in the sample as a random selection 
from a larger group of countries and in- 
dustries, with similar structural charac- 
teristics, then the results in Table 4 may 
be interpreted as indicating that industrial 
efficiency does differ systematically across 
developing countries. 


Having found the k country mean ranks 


to be significantly different at the 5 per 
cent level is not enough to establish that 
all & means are different from one another. 
Further tests are necessary in order to de- 
termine which of the k country means are 
equal and which are different. One such 
test was tried in Tables 3 and 4, Experi- 
ment 3, but its effectiveness is limited and 
a more general test is available. This is the 
New Multiple Range Test developed by 
Duncan [8]. Basically it involves testing 
for significant differences between all pos- 
sible pairs of country means. For the data 
in Experiment 1 using a shorthand nota- 
tion for each country consisting of its first 
three letters, the mean normal scores to be 
compared from highest to lowest are: 





SPA ELS ARG KOR CHI PER PAR 
1.11.25 .11 07 —.31 —.50 —.73 


Table 5 gives the results of the New 
Multiple Range Test of the data in Experi- 
ment 1. In general, there are }2(k—1) 
mean comparisons to be made. The g 
refers to the number of means (inclusive) 
contained in the range of any two groups 
(countries) to be compared. SSR refers to 
the shortest significant range and is ob- 
tained by multiplying the significant 
studentized ranges for a 5 per cent signifi- 
cance level with 48 degrees of freedom by 
the standard error of the mean (which is 
given as the square root of the error mean 
square divided by », the number of indus- 
tries in the sample). 

For each country in Table 5 the mean 
differences are calculated as the largest 
minus the smallest, the largest minus the 
second smallest and so on. With one excep- 
tion the differences are said to be signifi- 
cant if they exceed the critical value given 
by the corresponding shortest significant 
range. The one exception is that no com- 
parison within a nonsignificant group can 
be called significant. For this reason once 
a nonsignificant comparison is identified, 


170 THE AMERICAN ECONOMIC REVIEW 


TABLE 5—New Motte RANGE TEST oF THE 
MEAN NORMAL Scores IN EXPERIMENT 1 























g | Comparisons aed SSR Conclusion 
7 SPA-PAR 1.84 -80 J significant 
ó SPA-PER 1.61 -78 significant 
5 SPA-CHI 1.42 77 significant 
4 SPA-KOR 1.04 -76 significant 
3 SPA-ARG 1.00 .73 significant 
2 SPA-ELS 86 70 significant 
6 ELS-PAR 98 78 significant 
5 ELS-PER 75 77 nonsignificant 
4 ELS-CHI — — nonsignificant 
3 ELS-KOR — — nonsignificant 
2 ELS-ARG — — nonsignificant 
5 ARG-PAR 84 17 significant 
4 ARG-PER — — nonsignificant 
3 ARG-CHI — — nonsignificant 
2 ARG-KOR — — nonsignificant 
4 KOR-PAR .81 .76 significant 
3 KOR-PER — — nonsignificant 
2 KOR-CHI — — nonsignificant 
3 CHI-PAR 42 73 nonsignificant 
2 CHI-PER — — nonsignificant 
2 PER-PAR — — nonsignificant 





no further tests need be made between any 
two means which are in the range of the 
means contained in the nonsignificant 
comparison. For example, the nonsignifi- 
cant difference between El Salvador and 
Peru makes comparisons between El 
Salvador and Chile, Korea, or Argentina 
unnecessary since these are all within the 
limits established by the initial compari- 
son. 

The results in Table 5 may be con- 
veniently summarized in the following 
schema: 


SPA ELS ARG KOR CHI PER PAR 
1.11 .25 .14 .07 —.31 ~.50 —.73 








Again using the abbreviated notation for 
each country, a line is drawn under each 
pair of countries exhibiting a nonsignifi- 
cant difference in aggregate efficiency 
ranking (mean normal score). One line 
may contain within it several nonsignifi- 
cant pairs such as, for example, the seg- 
ment representing the nonsignificant dif- 


ference between El Salvador and Peru 
containing similar comparisons between 
El Salvador and Argentina and Argentina 
and Korea among others. 

The test indicates that Spain, as prob- 
ably would be expected, is significantly 
more efficient than all the other countries 
in the sample. In the opposite extreme 
Paraguay is significantly less efficient than 
most of the other countries with the excep- 
tion of Chile and Peru. Within the seven 
countries, then, there clearly emerge three 
distinct efficiency groupings, the extremes 
containing Spain on the one hand and at 
least Paraguay on the other. There is 
insufficient evidence to establish whether 
Chile or Peru belong to the least efficient 
group, the middle group containing El 
Salvador, Argentina and Korea, or a dis- 
tinct group of their own. Only further 
empirical evidence can clear up this point. 
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COMMUNICATIONS 


A NOTE ON UNCERTAINTY AND 
PREFERENCES IN A TEMPORAL 
CONTEXT 


When someone asks you which of a set of 
uncertain prospects you prefer you should 
answer: “That depends upon when the out- 
comes will become known.” The importance 
of this qualification was clearly pointed out 
by Markowitz {3, Chs. 10-11]. The reason 
why the temporal aspect is important is not 
only that it will affect your choice, but, more 
fundamentally, because it has to do with the 
question of whether or not it is possible to 
represent such choices by means of a utility 
function. Markowitz gives an example which 
illustrates that this may not be so. 

If there are situations where choices 
` among probability distributions cannot be 
represented by a utility function, then the 
rule for making those choices violates the 
consistency conditions of von Neumann and 
Morgenstern. This note examines the prob- 
lem in the context of a simple two-period 
consumption model, with the purpose of 
finding out just what it is that is violated, 
and to see why such a violation is not un- 
reasonable. 

Consider an individual faced with the 
problem of allocating his wealth y between 
present consumption c and future consump- 
tion cĉ. To make things simple it will be 
assumed that the interest rate on savings 
(positive or negative) is zero with certainty. 
Thus, @=y—c. Total wealth could be con- 
ceived of as consisting of present income yı 
and future income y, with yı known with 
certainty and y being a random variable. 
It is, however, only their sum that matters; 
the important point is that the precise value 
of y will not become known before the end of 
the initial period, i.e., after cı has been 
chosen. Dreze and Modigliani [2] refer to the 
probability distribution for y, F(y), in such 
a case as a demporal uncertain prospect. 

The determination of an optimal value of 
c requires the existence of a cardinal utility 
function u(c c) representing preferences 
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among consumption profiles (or among 
gambles involving consumption profiles). 
This function is assumed to be determined 
on the basis of the ordinary consistency con- 
ditions of von Neumann and Morgenstern. 
Thus, when the optimal cı is chosen, ex- 
pected utility will be 


U(F) = max f ulas y — c)dF(y). 


This expression defines indirectly the 
utility (or preference index) U associated 
with the probability distribution F(y) and 
thus establishes a preference ordering over 
all such probability distributions. That is, 


max f ufon y — c)dFi(y) 
= max f u(cr, Y — ¢1)dFa(y) 


if and only if Fi(y) is preferred or indifferent 
to Faly). 

The question now is: can the preference 
ordering U (F) be represented by means of a 
utility function v(y) for wealth? That is, is it 
possible to write 


max f ulen 9 — ¢:)dF(y) = f roaro) ? 


Clearly, if choices among distributions F(y) 
satisfy the von Neumann-Morgenstern con- 
ditions, it always would. However, as will be 
demonstrated, the answer is that such a 
representation does not generally exist. This 
result must mean that the von Neumann- 
Morgenstern conditions are violated, even 
though the individual acts in a perfectly 
rational and consistent manner.! 


1 The concept of the indirect (derived, tangential) 
utility functional was pioneered by Roy [6]. It has been 
applied to sequential decision problems under uncer- 
tainty by, among others, Radner [5] and Mossin [4], 
as well as in [2]. However, in none of these papers is the 
representation problem explicit. A general discussion of 
representation of preferences over distributions is forth- 
coming in a book by Karl Vind, University of Copen- 
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To see what is involved, consider an ex- 
ample with the utility function 


u(y, ca) = 72 — (8 — c1)? — (8 — ca)? 
(c1 S 8, cz S 8). 
Substituting @=y—«a, this becomes 
ulen y — c1) = 72 — (8 — c1)? — (8 + c1)? 
+ 2(8 + ey — y? 
so that expected utility is 


fas y — c)dF (y) = 12 — (8 — ct 


— 8 +a) +28 + cE- BS, 


where E and S are the expectation and 
standard deviation of y, respectively. The 
optimal value of c is here given by a= E/2, 
which, upon substitution, gives 


U(F) =max | (C1, Y — ci)dF (y) 


= 72 — $(16 — E} — $. 


Thus, preferences among probability dis- 
tributions are specified in terms of their 
means and standard deviations according to 
the formula above. This could be used to plot 
indifference curves for such prospects in the 
E, S-plane; these would be ellipses with cen- 
ter at (16, 0) and eccentricity 1/2. Clearly, for 
an arbitrary F(y), no function v (y) such that 
Joly) dF (y) =72—4(16—E)?—S? exists. The 
only utility function giving expected utility 
in terms of E and S only (for arbitrary dis- 
tributions) is the quadratic. In that case, 
however, the indifference curves are concen- 
tric circles with center on the E-axis (see 
Borch {1]). 

The explanation of the result in the pre- 
ceding paragraph is not far to seek. Consider 
a specific distribution F;(y) such that y=6 
or y=10 with equal probability. This has 
mean E,=8 and standard deviation S,=2. 
Under this prospect maximum expected 
utility would be U(Fi)=36. This prob- 
ability distribution carries the same expected 
utility as the certain outcome y= 16—6/2 
7.51, or, to put it differently, the indi- 
vidual is indifferent between Fi(y) and the 


degenerate distribution F;(y) which gives 
y=7.51 with certainty. 

Since Fi(y) and F2(y) are ranked indiffer- 
ently the individual may consider letting 
the choice be decided by help of a coin toss. 
This device may seem simple enough, but in 
a temporal context it must be used with 
care: it makes a great deal of difference 
whether the coin is tossed now or a year 
from now. If the coin is tossed now every- 
thing is fine: he will know which of the two 
distributions will apply; in either case he 
will, by choosing the appropriate cı, obtain a 
utility level of 36, hence he should not mind 
letting chance decide which one will apply. 

If the coin is to be tossed after c has been 
chosen, however, he faces the temporal 
prospect F(y) =4F1(y)+4F.(y) which has as 
outcomes 

6 with probability ł 
16—6+/2 with probability $ 
10 with probability + 


For this prospect, E=12—34/2 and S?=36 
— 24/2 so that maximum expected utility 
is U(F) =19+12./2=35.97. Thus, the prob- 
ability distribution F ranks below F; and Fs, 
i.e., U($F1+5F:) < U(Fi) even though U(F)) 
= U(F;). This represents an obvious viola- 
tion of the independence condition (or “‘com- 
pounding of probabilities” condition) for an 
expected utility representation of U(F). 
Such a representation requires that U(akFy; 
+(1—a)F:)=aU(F;)+(1—a) U(Fs) for any 
two distributions. 

It is not difficult to see why this condition 
is not satisfied. In determining his optimal c 
under the mixed prospect F the individual 
will take into account the need for hedging 
against the uncertain outcome of the coin 
toss. But a decision made on this basis is 
quite obviously optimal against neither of 
the original distributions F4 and Fa. Relative 
to F; he will, in retrospect, have consumed 
too little; relative to F too much. 

The situation is illustrated in somewhat 
generalized form in Figure 1, where g;(c:) is 
written for Jula, y—a)dF(y). gla) and 
gale) attain the same maximum value; this 
value is higher than the maximum attained 
by the function g=4g:+-440. 
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FIGURE 1 


The general idea is that having to wait 
until the end of the period for the outcome 
to become known is bad enough in itself; not 
even knowing the exact distribution accord- 
ing to which the outcome will be determined 
is still worse. The following analogy should 
be familiar: I may be indifferent between 
teaching Course A and Course B next fall, 
but, in view of the preparations that must 
be made in the meantime, I would certainly 
not want the decision to be postponed until 
classes begin. 

The example given above demonstrates 
the importance of the temporal aspect in 
risk-taking situations. As emphasized by 
Markowitz, the representation of preferences 
among probability distributions by means of 
a utility function is meant to apply to cases 
of timeless prospects, i.e., to situations where 
the outcome is determined at once, without 
any intervening decisions involving commit- 
ment of the outcome. For such prospects, 
the derivation of an indirect utility function 
for wealth from the solution of the alloca- 
tion problem causes no difficulty (see [2]). 
For temporal prospects, however, representa- 
tion of preferences in terms of a utility func- 
tion for wealth may be inappropriate—and 
for reasons that are obvious once you think 
of it. On further reflection it is also apparent 
that in the real world temporal prospects, not 
. timeless ones, are the rule rather than the 
exception. Even in a controlled experimental 
setting they seem difficult to avoid; in a 
gamble with payoffs depending upon the out- 
come of, say the next presidential election, 
subjects may easily be led to take the pos- 
sibility of intermediate decisions into ac- 


count. This should serve as a reminder of the 
constant need for caution in applying a util- 
ity function for wealth to the analysis of 
risk-taking behavior. 

Jan Mosstn* 


* Professor of Business Administration, Norwegian 
School of Economics and Business Administration, 
Bergen, Norway. 
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EXTERNAL DISECONOMIES, . 
CORRECTIVE TAXES, AND 
MARKET STRUCTURE 


This note is presented as a contribution to 
the continuing dismantling of the Pigovian 
tradition in applied economics, defined here 
as the emphasis on internalizing externalities 
through the imposition of corrective taxes 
and subsidies. My central point is much more 
elementary than those advanced by some of 
the other contributors to the recent discus- 
sion. R. H. Coase [1] demonstrated the in- 
herently bilateral aspects of any externality 
relationship, and he showed that applying 
the Pigovian policy norms in neglect of the 
two-sidedness of the account may reduce 
rather than increase efficiency. Davis and 
Whinston [2] concentrated on the impossi- 
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bility of determining the size of a corrective 
tax that would lead to an efficient outcome 
under conditions of reciprocal externalities 
when production functions are nonseparably 
related. Plott [3] called attention to the ne- 
cessity of identifying properly the aspect of 
the production process that generates the 
externality. I shall demonstrate that (1) 
even if the directional gains-from-trade are 
such that an orthodox corrective tax would 
increase efficiency, and (2) even if production 
functions are separable, and (3) even if no 
changes in the input mix are technically pos- 
sible, the imposition of a corrective tax 
(under external diseconomy) will often re- 
duce rather than increase welfare in the 
Pareto-efficiency sense. Only when the in- 
dustry generating the external diseconomy 
ig competitively organized can the correc- 
tive tax be unambiguously hailed as welfare- 
improving, even in the presence of all of the 
other required conditions. Under monopolis- 
tic organization, the corrective tax may well 
lead to a reduction in welfare rather than an 
increase. 

My criticism is aimed more at the ‘‘Pigov- 
ian tradition” than at Pigou himself. His 
whole analytics, and that of Marshall, was 
implicitly based on the assumption of com- 
petitive structures, as, indeed, some of the 
contributors to the externality literature 
seem to have recognized. It is necessary to 
distinguish, however, between the relevance 
of market structure for the emergence of 
externality and the relevance of market 
structure for the application of the Pigovian 
policy norms. For example, Ellis and Fellner 
state that “the ‘atomistic’ character of one 
producer’s output under competition, fre- 
quently thought to be crucial in the external 
economies-diseconomies context, is not de- 
cisive of itself” [5, p. 262]. Ellis and Fellner 
were referring here to the potential for the 
emergence of externalities, but it is rela- 
tively easy to see how this statement could 
be taken to imply that market structure also 
has little relevance to the application of the 
standard externality-correcting devices. And 


1 Notably, Meade [4]. 


we know that the levy of corrective taxes 
under diseconomies and the provision of 
corrective subsidies under economies have 
been widely discussed without reference to 
market organization. This attitude is surely 
characteristic of modern treatments of pol- 
lution control. If, as I shall demonstrate, it is 
necessary to limit the Pigovian correctives 
on the tax side to situations of competition 
much of the current discussion on these 
problems requires substantial revision. As 
we recognize, most of the problems falling 
under “congestion” as a general category 
involve external diseconomies. 

My argument can be presented geometri- 
cally in the simplest of models, one in which 
constant cost is assumed. More complex 
models are not needed. An industry demand 
curve is shown as D in Figure 1, with the 
cost curve shown by MC(AC). If the indus- 
try is competitively organized, equilibrium 
output is Qa, and price is Pe Let us now 
assume that a “bad” is suddenly discovered 
to be inherent in the output of this indus- 
try, an external diseconomy that is directly 
related to the number of units produced and 
not to any particulars of the input mix or to 
the rate of output for any other industry. 
This external diseconomy does affect the 
production functions of all firms in a second 
industry, also assumed to be competitively 





176 THE AMERICAN ECONOMIC REVIEW 


organized. The firms in the second industry 
have no legal claims to compensation for 
damages. Furthermore, for purposes of sim- 
plification, we assume that the costs of 
organizing firms in the second industry for 
the purpose of bribing firms in the first in- 
dustry are prohibitive. 

Given these restrictions, it is possible to 
indicate the size of a per unit tax to be im- 
posed on the firms in the externality-gen- 
erating industry. The orthodox Pigovian 
analysis suggests that the levy of this tax 
will induce behavioral changes that will 
move the economy to the efficiency locus. 
Let us suppose that the external diseconomy 
per unit is P/P., generating the unit tax T 
in Figure 1. Price will rise to P,’, and indus- 
try output will fall to Q’. How can the sub- 
sequent increase in welfare be measured? 
The rectangle P.P,’ BF represents a true 
“cost” that was previously treated as if it 
were consumers’ surplus by the buyers of the 
first industry’s product. If the proceeds of 
the tax are transferred to firms in the dam- 
aged industry, this now becomes consumers’ 
surplus to the buyers of the product of this 
industry. If the proceeds are generally ex- 
pended in the economy, these become dif- 
fused among all persons. Welfare gains and 
losses occur only with respect to the change 
in relative industry outputs. The buyers’ 
evaluation of the quantity that was pro- 
duced before the tax in the externality- 
generating industry but which quantity is 
eliminated by the tax is shown by the area 
under the demand curve over the range 
Q.’Q., or by the area, Q’ BEQ.. The “cost” 
of this quantity to the community is indi- 
cated by the rectangle Q,'B.H.Q.. Hence, 
the welfare gain is shown by the shaded 
triangle, B.H.£,.* 

To this point, no problems are encountered 
given the restrictions initially placed on the 

3 If the damaged industry is identical in size to the 
industry that is generating the externality, and if 
demand and cost relationships are similar in the two 
industries, the welfare gain to the community can also 
be represented by the appropriate “welfare triangle” 
in a diagram depicting the situation of the other in- 
dustry. The danger to be guarded against is double- 
counting of the same welfare gain in this procedure, 


model. However, let us now assume that the 
industry that generates the external dis- 
economy is organized as a monopoly, with a 
single profit-maximizing firm. Before the 
levy of any corrective tax, monopoly output 
is Qm and price is Pw. As in the competitive 
case, Pigovian analysis suggests the levy of a 
corrective tax of T per unit of output. 
Monopoly output falls to Qw and price in- 
creases to Pw. 

It is easy to show that, under the condi- 
tions as shown in Figure 1, welfare has de- 
creased, not increased as a result of the levy 
of the corrective tax. The cost of the change 
in quantity is measured as before, by the 
rectangle On’ BnHmQm. The evaluation of the 
quantity is measured as before, by the area 
under the demand curve, or by On'GEmOm. 
Since the latter area clearly exceeds the 
former, welfare has been reduced as indi- 
cated by the shaded area. The geometry 
makes clear that, in this simple case, this 
result must hold so long as the corrective 
tax, which we assume to have been estimated 
properly, is less than the difference between 
price and marginal revenue at the initial 
monopoly output. 

As I have indicated, the point is a very 
elementary one. It is a particularly clear 
example of the theory of second-best. The 
monopolist simultaneously imposes two ex- 
ternal diseconomies, at least in a general 
sense. He “‘pollutes” and hence increases 
costs of firms in the damaged industry. Also, 
however, he holds down output and hence in- 
creases costs of his product to buyers. So 
long as the second diseconomy is more highly 
valued than the former, any levy of a per 
unit tax on the monopolist’s output will de- 
crease total welfare. There are gains-from- 
trade here in two opposing directions, and 
there is no means of determining a priori 
which set of “trades” is potentially the more 
efficient. Conceptually, and ignoring costs of 
organizing, the firms in the damaged in- 
dustry could bribe the monopolist to reduce 
output and thereby to reduce “pollution.” 
At the same time, again ignoring the costs 
of organizing, the buyers of the monopolist’s 
product could bribe the monopolist to in- 
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crease output. In some costless three-way 
negotiation process, the ultimate outcome 
under conditions such as those depicted in 
Figure 1 is the corrected equilibrium output 
at Q. 

As the construction as well as the discus- 
sion indicates, there is an important asym- 
metry between external diseconomies and 
external economies with respect to the possi- 
ble offsetting welfare effects of market struc- 
ture. With external economies, the pro- 
vision of corrective subsidies reinforces the 
directional change in output that reforms in 
market structure would indicate to be desir- 
able. In this case, buyers of the monopolist’s 
own product could join forces with firms in 
an externally benefitted industry to bribe 
the monopolist to increase output. 

As Coase has correctly emphasized, the 
whole approach of the Pigovian tradition is 
responsible for many confusions in applied 
economics that are slowly coming to be clari- 
fied. This approach involves an undue con- 
centration on the decision-calculus of the 
firm or individual that is observed to be 
generating the external effects. Even if we 
disregard all problems of measurement, mak- 
ing the marginal private cost as faced by the 
decision-taking unit equal to marginal social 
cost does not provide the Aladdin’s Lamp 
for the applied welfare theorist, and the 
sooner he recognizes this the better. 

James M. BucHANAN* 


* The author is professor of economics at the Uni- 
versity of California, Los Angeles. 
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A MODIFIED GOLDEN RULE: THE 
CASE WITH ENDOGENOUS 
LABOR SUPPLY 


I. Iniroduciion 


The important question of the optimal 
saviùgs strategy for growth has occupied 
the minds of economists for some time and 
has been discussed repeatedly. Of course, 
any such study is based on a highly aggre- 
gated view of an economy with some facets 
of the real world emphasized and others ig- 
nored, but despite the long list of economists 
who have considered economically deter- 
mined population growth, this feature has 
for the most part béen ignored. This note is 
an attempt to rectify this omission by 
studying optimality when the growth rate 
of population is allowed to respond to eco- 
nomic factors. 

In the standard neoclassical growth model 
the savings ratio does not affect the equi- 
librium rate of growth of output (which is 
equal to the exogenously given growth rate 
of labor) but rather determines the level of 
per capita income. Hence, an increase in the 
savings ratio has two effects on per capita 
consumption: it both reduces current con- 
sumption and increases future output which 
in turn allows an increase in future consump- 
tion. As is well known [4], a savings ratio 
equal to the share of output going to capital 
balances these effects and thus defines the 
highest sustainable level of per capita con- 
sumption among all balanced growth paths. 
But, if population growth responds to eco- 
nomic variables, in particular to per capita 
income, a change in the savings ratio has a 
third effect: per capita consumption is 
altered through the induced change in the 
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level of population. With this complication 
the Golden Rule prescription for savings is 
no longer optimal. 


Il. Population Growth 


If population growth can be explained 
economically (which is a reasonable assump- 
tion in the long run'—and after all, where 
else but in the long run is it appropriate to 
talk of balanced growth paths? [5]), one 
must look to demographic work to find the 
form of the relationship. Obviously, popula- 
tion growth results from the interaction of 
birth and death rates so there are really two 
separate relationships to be considered.? I 
will follow John Buttrick’s analysis [1, pp. 
76-77] that, while death rates vary in- 
versely with per capita income, the effect on 
birth rates is somewhat ambiguous. 

I will assume that the economic effect on 
birth rates is of a smaller order so that over- 
all, the relationship between population 
growth rates and per capita income is posi- 
tive and monotonic (the effect on birth rates 
being only large enough to alter the second 
derivative—never enough to shift the first 
derivative of the population function). 

Figure 1 illustrates the above theory. 
The relationship between income per capita 
and population growth may be divided into 
three stages: children are producers’ goods 
and consumer durables (I), children cease to 
be producers’ goods while costs of child rear- 
ing rise (II), children are durable luxury 
goods (III). 


1It is certainly true that today underdeveloped 
countries have immediate access to medical techniques 
and knowledge which have evolved gradually over 
centuries and thus particular diseases can be eradicated 
almost overnight to drastically lower mortality rates. 
However, without an accompanying improvement in 
the standard of living there are limits to what can be 
done and, in fact, “economic conditions in the under- 
developed countries may become the chief determiner 
of their death rate in the near future” [6, p. 375]. 

2 If labor mobility is considered, migration would be 
another influence which would strengthen the positive 
relationship between per capita income and the growth 
tate of population. Certainly no voluntary major mi- 
gration has ever been isolated when the flow was from 
a high to a low income region. 


INCOME PER CAPITA 


IHI. The Model 


A single homogeneous output F is pro- 
duced by two homogeneous factors, capital 
K and labor L, subject to a constant returns 
to scale production function. 


(1) Y) = F(K@), L) 


Hence, 
eae | ea JCR) 


f(k) = (= 1) 


with f’(k) >0 and f” (k) <0 for all positive k. 
In addition I will assume that: 


k k 
lim EGA =0 and lim JH) =o 
me k k-00 k 


where 


and will define c(#) to be the rate of current 
consumption per unit of labor input and s(#) 
to be the current total (private and public) 
savings ratio. Hence, c(#)=(1—s(#))y(#) and 
since all savings are invested: 


pe: 
(2) lal sy) 


DEATH BIRTH POPULATION 


RATE RATE GROWTH RATE 





RATES 


FIGURE 1. POPULATION GROWTH 
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The population grows at a relative rate n 
but here # is a function of per capita income 
(and it is assumed that the labor supply, 
which is all productively employed, grows at 
the same rate). 


(3) L = ny)L) 


where it is assumed that n’>0. 

By the assumptions made on the produc- 
tion function, output per unit of capital is a 
monotonically increasing function of the 
labor-capital ratio, going from 0 to © as the 
labor-capital ratio goes from 0 to œ. Thus, 
for any constant savings ratio, sy/k also 
goes from 0 to œ as 1/k goes from 0 to œ. 
The population function is a monotonically 
decreasing function of the labor-capital ratio 
by the homogeneity of first degree assump- 
tion. Hence, there is at most one intersection 
between n and sy/k (an intersection which 
defines a balanced growth path) and there 
will be exactly one so long as population 
growth is positive for some labor-capital 
ratio, : 

Since & increases to the right of the inter- 
section and decreases to the left of it 


this unique balanced growth path is also a 
stable one. (See Figure 2.) 


IV. A New Golden Rule of Accumulation 


Consider the problem where a constant 
savings ratio is to be chosen (as a policy 
variable) to produce maximum consumption 
per capita’ among all balanced growth 
paths. No longer is it best to invest capital’s 
share. Instead the optimal savings ratio is 
lower:* 


3A discussion of the various approaches towards 
defining what in fact optimal growth is, can be found in 
(3, pp. 225-228]. 

4 A balanced growth path is defined by 


T= sf—kn=0 


The problem is to choose s so that (1—s)/(%) is maxi- 
mized subject to s/(4)=kx(y) or equivalently to maxi- 


OUTPUT PER UNIT OF CAPITAL 





LABOR CAPITAL RATIO 


FIGURE 2. THE EXISTENCE oF A STABLE UNIQUE 
BALANCED GROWTH EQUILIBRIUM 


(4) s= a-m 


where &f’/f is the share of output which is 
paid to capital. 

The second order conditions to insure that 
per capita consumption is in fact maximized 
require that the following inequality be satis- 
fied: 


(5) FU — kn’) = 2n' f’ — kU Yn] <0. 
Obviously, the existence and stability of a 





mize f(k)—kn(J(k) ) by choice of k. 
d 
g UO UE] = 0 = fd n) — 0 
Thus, the modified Golden Rule savings ratio becomes: 
Rf’ 


kn 
(4) ise Sak oi 


The second order conditions for a maximum require: 
Z tye) — nU] <0 
dk? 


and hence, 


O Pa- kn’) — 2f — kY <0, 
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fik) 


OUTPUT PER UNIT OF LABOR 





A B 
CAPITAL LABOR RATIO 


Froure 3. TuE EXISTENCE AND STABILITY OF 
THE MODIFIED GOLDEN RULE 


solution to this consumption maximization 
problem require conditions on the popula- 
tion function beyond the simple monotonic- 
ity which guarantees the existence and 
stability of a unique balanced growth solu- 
tion. Since a unique intersection between kn 
and f is assured it is sufficient for the exis- 
tence of a solution (a point where n=’ 
(1—kn’) ) that: ' 


(6) D f'e) 


where the derivatives are evaluated at that & 
such that kn=0. f 

There remains the possibility of multiple 
solutions, alternatively (local) minimum and 
(local) maximum. However, as long as con- 
dition (6) is satisfed there exists at least one 
position which is a (local) maximum. Since 
in Figure 3, the vertical distance between 
f(k) and kn represents per capita consump- 
tion it is seen that A represents a (local) 
minimum while B represents a (local) maxi- 
mum. In fact, the second order conditions 
define a lower bound on the second deriva- 
tive of the population function, for (5) is 
clearly satisfied for 2’’ greater than or equal 
to zero. 


These results, of course, depend crucially 
on the variable which is felt to influence the 
growth rate of population. If the growth rate 
of population responded not to income per 
capita but rather to consumption per capita, 
once again the optimal strategy is to save 
capital’s share,’ although if the population 
function is not monotonic, the problem of a 
multiplicity of solutions remains. Since the 
argument of the population function is the 
maximand, there is no change from the 
exogenous case—it is as if population grew 
exogenously at that rate corresponding to the 
maximum level of consumption per capita. 

In summary, the introduction of endog- 
enous population growth results in an opti- 
mal savings ratio which is less than that 
specified by Phelps’ Golden Rule of Ac- 
cumulation. Correspondingly, the growth 
rate of the economy is less than the mar- 
ginal productivity of capital. Any optimism 

5 This result has been noted by Michio Morishima in 
his comments on T. C. Koopmans’ paper, printed in 


the same volume [3, p. 295]. This conclusion may be 
derived as follows: 


M = (1 — sft) + Asef) — allt — )/®))] 
where à is a Lagrangian multiplier. 


= 0 = —f() +f) +a] 
oR = 0 = sf) — bn 
ðM 


mr m 0 = (1 fR) 


HAL) — n — kC — Akn] 


Hence, s= kf’(k)/f(k)mthe share of output which is 
paid to capital. It is sufficient for a maximum that: 


Mn Mu Ty 
My Mn Tr 
Ti Ts: 0 


where the subscript [}] denotes partial differentiatior 
by [2]. This becomes: 


>0 








f' <0 


which is exactly the same as in the exogenous popula- 
tion growth case. Although the existence of a Golden 
Rule solution with population growing, may be im- 
perilled when population changes in response to per 
capita consumption, so long as the relationship is mono- 
tonic, a maximum, if it exists, is unique and there is nc 
possibility of a solution to the first order conditions be- 
ing a minimum. 
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generated by this lower optimal savings ratio 
must be tempered by bearing in mind the 
implicit assumption that all population (or 
at least a constant fraction) can and will be 
productively employed. To provide a basis 
for more meaningful policy one would cer- 
tainly want to distinguish labor force from 
population in a more flexible way and hence 
allow for the possibility of “optimal unem- 
ployment” [2]. 
Eric Davis* 


* The author is an assistant professor at Purdue 
University. He would like to thank Professor Ryuzo 
Sato for his help and encouragement, 
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EXCESS BURDEN: 
"THE CORNER CASE 


The so-called “excess burden” or welfare 
cost of various types of taxation has been 
analyzed under a variety of assumptions in 
the public finance literature of the past thirty 
years. As a result of this long discussion it is 
now well recognized that the traditional argu- 
ment for general taxes as against partial ex- 
cise taxes is subject to a number of theoreti- 


cal qualifications! For practical purposes, 
however, it seems to be quite widely ac- 
cepted that the traditional analysis is still 
highly relevant.? It may therefore be of 
interest to clarify what appears to be some- 
thing of a paradox in this analysis. 

A central finding in the traditional analy- 
sis of excise taxes is that the excess burden 
of an excise varies directly with the degree of 
substitutability between the taxed good and 
other goods. In the extreme case where there 
is no substitutability whatever, an excise tax 
has no distorting substitution effect, and 
excess burden is zero. When some substi- 
tutability exists, the pattern of consumption 
is distorted and excess burden results. 

The conclusion that the magnitude of the 
excess burden varies directly with the degree 
of substitutability seems, however, to con- 
flict with the apparent fact that the con- 
sumer suffers less of a burden in switching 
his consumption from the taxed good the 
better the substitutes that are available. In 
the limit, a tax on, say, one brand of tooth- 
paste would appear to impose no excess 
burden at all; the consumer could if neces- 
sary switch his entire toothpaste budget 
from one brand to another at no welfare cost. 

The paradox is, however, easily explained 
when we pay due attention to the corner 
cases which have been somewhat neglected 
in the excess burden literature. 


Substitutability and the Corner Case 


The problem can be readily illustrated 
without any essential loss of generality in 
the simple case of constant opportunity 
costs? and a linear demand schedule for the 
taxed product. In Figure 1, compensated 
demand and supply schedules for the good X 
are initially assumed to be DoDo and SoSo. 
In accordance with the traditional analysis, 


1 The major contributions to the lively debate over 
Pi period 1939-54 are well summarized by Walker 

2j. 

2 See, for example, the more recent discussions by 
Harberger [3, pp. 25-70], and Musgrave and Richman 
[3, pp. 81-131]. À 

3 When opportunity costs are increasing or decreas- 
ing, further issues of some complexity are raised re- 
garding the concept of excess burden, which, however, 
do not affect directly the point made in the present 
note, See Bishop [1, Sec. IV]. 
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FIGURE 1 


it is assumed that perfect competition pre- 
vails in all markets, factor supplies are com- 
pletely elastic, there are no external econ- 
omies or diseconomies and no other excise 
taxes in existence. A given volume of public 
expenditure is assumed to be financed by 
nondistorting general taxes. The pre-excise 
equilibrium point Z therefore represents a 
Pareto-optimal output of X. f 

When a per unit excise tax of amount T 
is imposed, the supply schedule shifts to 
SıS7, a constant distance T above SoSo. 
The new equilibrium is at Ao. By a familiar 
argument, the excess burden of the excise 
AW is here given by the area of the triangle 
ZAoF, which shows the loss of surplus 
suffered by consumers of X.t Thus 


AW = 4A o- FoZ 
= TAX 
= 4775 


where S is the numerical value of the recipro- 
cal of the slope of the demand schedule, i.e., 
F,Z/AoFo, and measures the substitutability 
of X for other commodities. 

Where substitutability between X and 
other commodities is zero, the demand 
schedule becomes a vertical straight line, 
S=0 and excess burden is therefore zero, A 


4 See, for example, Harberger [3, pp. 33-35]. 


higher degree of substitutability is reflected 
in a demand schedule of slope numerically 
less than that of DoDy’, e.g, DD. As a 
result, excess burden rises to ZAF. 

It is easy to see, however, that, as substi- 
tutability increases further and the slope of 
the demand schedule steadily diminishes, 
excess burden approaches a maximum which 
is reached when the demand schedule 
(DD) intercepts the price axis at Sı. In 
this latter case, the unit tax T is just suffi- 
cient to choke off consumption of X. Excess 
burden is then ZSS. 

For substitutability greater than that 
represented by D;D,’, it can be seen that ex- 
cess burden diminishes. One such schedule is 
D,D,'. The tax T is now more than sufficient 
to choke off the demand for X, which can- 
not, however, fall below zero. As in the case 
of D,D,', all consumer surplus on- X is lost, 
but as better substitutes are available there 
is now less surplus to lose; the consumer can 
switch his consumption away from X at a 
smaller welfare cost. In the limit, where per- 
fect substitutes are available, consumption 
of X can be entirely abandoned without wel- 
fare cost. The general proposition that excess 
burden varies directly with substitutability 
therefore requires qualification when ac- 
count is taken of corner cases. 

It is also interesting to observe that maxi- 
mum potential excess burden varies in- 
versely with substitutability, though the 
achievement of these higher maxima requires 
successively higher rates of unit tax. Once 
the maximum excess burden for a given 
commodity has been achieved by imposing a 
rate of tax just sufficient to choke off con- 
sumption of that commodity, further in- 
creases in the tax rate have no effect on wel- 
fare cost. 


Conclusions 


When full account is taken of the neglected 
corner cases, we therefore see that as the 
degree of substitutability increases from zero 
through to infinity, the excess burden of an 
excise tax first rises from zero towards a 
maximum for some finite value of the sub- 
stitution coefficient, and then falls back 
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towards zero as substitutability becomes per- 
fect. 

The intuition that the consumer should 
suffer less of a burden when there are good 
substitutes available for the taxed product 
seems therefore to have at least some limited 
analytical significance. Where the combina- 
tion of the tax rate and substitutability con- 
ditions is such that consumption is reduced 
to zero, increases in substitutability reduce 
rather than increase excess burden. 

For the community as a whole, such cases 
would, however, seem to be of only limited 
practical interest. Even sumptuary excises 
seldom aim at the complete elimination of 
consumption (and hence of revenuel). For 
practical examples we would have to look to 
the closely related area of fines and penalties, 
e.g., for the consumption of narcotics. 

For the single individual the analysis may 
perhaps be of greater significance. Even 
quite modest rates of excise on a given 
commodity will probably reduce the con- 
sumption of certain individuals to zero. For 
those individuals it is then clearly the case 
that a higher degree of substitutability would 
reduce excess burden. 

J. G. Heap AnD C. S. SHour* 


* The authors are professors of economics at Dal- 
housie University and Columbia University, respec- 
tively. 
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SOME NEW RESULTS IN THE 
MEASUREMENT OF 
CAPACITY UTILIZATION 


In a recent paper Lawrence Klein and 
R. S. Preston [2] provide an important 


review of the possibilities for measuring 
capacity utilization as well as a challenging 
assessment of the interpretations to be 
placed on that concept. While the analysis 
rests on binding assumptions such as the 
same rate of utilization for both capital and 
labor it is not at all easy to see what pros- 
pects there are for alternative functions, 
such as the C.E.S., giving more satisfactory 
results. 

The main purpose of this note is to ques- 
tion the generality of the approach used in 
attempting to measure the concept of capa- 
city utilization. The apparent failure to use 
the installed productive capacity may not 
stem solely from a lack of demand. If time is 
needed to learn to operate a plant there will 
be a running-in period before the productive 
capacity appears to be fully used. The usual 
methods of measuring capital stock and the 
labor force do not allow for this possibility. 
Certainly estimates of capital stock vary 
with investment outlays as well as the cal- 
culations of asset lives. 

Where the growth rate of the manufactur- 
ing sector of each industry is low the effect 
of this learning period on estimates of capa- 
city utilization may be small. Nevertheless, 
if the growth rate is high, a sizeable propor- 
tion of thè capital stock may still be in this 
learning period. Hence an apparent under- 
utilization may be recorded. A simple exam- 
ple may illustrate the point. Let m be the 
average life of capital, r the cumulative rate 
of growth of gross investment, J the annual 
gross investment, K the gross capital stock, 
x the learning period after completion of the 
investment outlay and before the plant is in 
full production so that x<m, and K’ is the 
gross capital stock for only those investments 
in full production. Then one can postulate 


(1) T=e 
(2) K= i Idt = At 
i—m r 
fe tz et(e t? nis et) 
BO K= f T MS ee 
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TABLE 1—RATO oF USED TO INSTALLED CAPITAL 
Percentage Growth Rate of Gross Investment 
1 3 5 10 15 20 

x=1/2 m=10 9476 .9425 .9373 .9228 9083 8899 

m= 20 -9725 .9670 .9610 9436 .9250 9068 

m= 30 - 9808 9749 -9682 9487 -9279 9083 

z= m= 10 8954 8860 8761 8495 .8207 . 7904 

m= 20 -9451 .9345 .9228 .8942 8534 8153 

m= 30 .9616 «9502 .9372 .9037 .8591 .8183 

xr=2 m= 10 7917 7753 7582 7132 6664 6187 

m= 20 .8908 .8709 -8495 7904 -1212 6642 

m=30 9236 9019 8775 .8092 7379 6695 
KE œe pared with advanced industrial countries. 
(4) a As the data in Table 1 show, this contributes 


K 1-«e™ 


On these assumptions and with r>0 then 
e7* <1. The ratio of capital in production to 
the installed capital given in equation (4) is 
less than unity. The ratio will diminish with 
increases in the rate of growth of investment, 
r, and the learning period, x. It will rise the- 
longer the life of plant. A series of values for 
this ratio is shown in Table 1 assuming dif- 
ferent sets of values for growth rates, asset 
life, and the learning period. Where this 
period is short with values for x between $ 
and 1 the ratio may be well below unity. 
Hence this simplified hypothesis offers possi- 
bilities for explaining some part of apparent 
excess capacity. 

The learning period need not be long in 
high income industrial countries though in 
some branches of manufacturing heavily 
dependent upon technologically oriented 
processes this need not necessarily apply. 
But some. criticisms of the performance re- 
corded by manufacturing industries in less 
developed countries may be misplaced if 
they associate underutilization of productive 
capacity with shortages of factor inputs [1]. 
In many of these countries the manufactur- 
ing sector has grown very fast so that the 
estimates on the right-hand side of Table 1 
—10 percent growth rates or more—could 
be relevant to their situation. Moreover, the 
lack of skills in production and maintenance 
may shorten the length of life of plant com- 


further to what appears to be the underutil- 
ization of productive capacity. 

The proposition advanced in this note 
does little to undermine the conclusions ad- 
vanced by Lawrence Klein and R. S. Pres- 
ton. Indeed their scepticism about the valid- 
ity of estimates showing utilization rates 
lower than their own series is supported for 
other reasons. If their high utilization pe- 
riods are linked to fast investment growth 
the new plants will not immediately be able 
to achieve their long-run expected capacity. 
Furthermore the assumption linking the rate 
of unemployment directly to the rate of 
capacity utilization is not made to appear 
more rigorous, at least for industry groups. 

W. P. Hocan* 


* University of Sydney, Australia. 
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URBAN POVERTY AND LABOR 
FORCE PARTICIPATION: 
COMMENT 


Joseph Mooney’s recent article in this 
journal [9] reports an inverse relation be- 
tween unemployment rates in urban areas 
and the labor force participation rates 
(LFPR) of white and non-white poor people 
in these areas. This finding augments a con- 
siderable body of other research which has 
found procyclical movements of LFPR’s in 
the general population, particularly on the 
part of “secondary” workers. The central 
and novel conclusion of the study is that this 
negative response of labor force participa- 
tion to unemployment is stronger for the 
poor than for the non-poor, and for non- 
white married women compared to white 
married women. 

We believe this conclusion is incorrect, 
and in view of its significance for the positive 
analysis of labor supply functions and also 
for questions of policy, we should like to ex- 
plain the source of Mooney’s misinterpreta- 
tion and to point out evidence that conflicts 
with his conclusion. The policy questions 
particularly concern how the labor force be- 
havior of workers responds to changes in 
aggregate demand as these changes occur 
over time. We examine how the cross-section 
results Mooney reports relate to time series 
behavior both because of the implications 
for policy and because the time series pro- 
vide us with a means of obtaining improved 
estimates of the parameters of the underly- 
ing labor supply equations. 

There are two major questions that need 
to be asked about the meaning of Mooney’s 
empirical findings: Can one infer from the 
sizes of his inter-area regression coefficients: 
(1) that a given change over time in aggre- 
gate demand in the economy will bring about 
a larger change, in the same direction, of the 
poor (or non-white) than of the non-poor 
(or white) labor force? (2) that the substitu- 
tion parameter, which produces the dis- 
couragement effect of unemployment, dom- 
inates the income parameter, which produces 
the additional worker effect, to a greater ex- 


tent in the labor supply function of the poor 
(non-whites) compared to the non-poor 
(whites)? i 

Our comments in the next section can be 
stated briefly: Contrary to the impressions 
conveyed by the article,! the answers to both 
questions are negative. The reasons for the 
negative answers can be briefly summarzied: 

1. The cross-section regression estimates 
shown in the study are not translatable di- 
rectly into aggregate time series behavior. 
The basic problem is that labor supply param- 
eters enter into the empirical estimates 
only indirectly and in a different way in the 
cross-section from in the time series. Thus a 
wide range of behavior in time series can be 
shown to be consistent with Mooney’s cross- 
section results. Indeed, direct time series ob- 


_servations appear to show that the cyclical ` 


labor force response of non-white married 
women, husband present, is weaker than that 
of white women, and, at times, even counter- 
cyclical. 

2. The time series findings are not incon- 
sistent with an assumption that functions of 
the two populations are the same. But if they 
are different, the findings suggest that they 
differ in the opposite direction from that 
suggested in the article, namely: the domina- 
tion of the substitution parameter over the 
income parameter is not more, but less pro- 
nounced among the poor than among the 
non-poor. 

3. Other cross-section studies provide 
both direct and inferential evidence of the 
difference in labor supply functions of the 
two populations. Most direct is the finding 
that for white married women compared to 
non-white married women (a) the negative 
net effect of unemployment is larger for 
whites, and (b) the substitution parameter is 


1 Regarding (1), see [9, last para., pp. 104, 117]. On 
question (2), the most explicit passage is: “It seems 
clear that the low income worker is more likely to be a 
discouraged worker than an additional worker, espe- 
cially if ‘she’ is a non-white married woman with hus- 
band present” [9, p. 115]. 

As explained below, the extent to which a substitu- 
tion parameter exceeds the income parameter for a 
worker expresses the sense in which he is more likely to 
bea “discouraged worker” than an “additional worker.” 


186 THE AMERICAN ECONOMIC REVIEW 


larger relative to the income parameter for 
whites regarding nontransitory earnings 
and income variables. 


I. Theoretical Considerations and 
Time Series Evidence 

As Mooney notes in his article, the effect of 
unemployment on the labor force participa- 
tion rate (LFPR) is a mixture of two forces 
pulling in opposite directions: (1) the nega- 
tive or “discouraged worker” effect of the 
demand for labor, and (2) the positive or 
“added worker” effect from declines in 
family income and the attempts of family 
members to find jobs to make up the loss. 
Given the level of wages offered (a proxy for 
the demand for labor) and the level of in- 
comes received by the households, the un- 
employment rate can represent the transi- 
tory changes occurring in the demand for 
labor and in household income. It is impor- 
tant to keep in mind that LFPR’s across 
areas are related to both wage and income 
variables, and to both normal and transitory 
components of these variables. The closer 
the model comes to specifying these varia- 
bles, the more confidence we have in it. 

The most important part of the specifica- 
tion of the model concerns the transitory or 
short-run changes, and we can simplify 
matters by first concentrating on these. The 
structural equation is: 


(1) Y = 1X1 + aX +0 a, <0,a,> 0 


where 


Y =labor force participation rate 
Xi=income (“added worker”) variable 
X;=substitution (“job opportunity,” or 

“discouraged worker”) variable 
The unemployment rate, U, (say, the rate 
for the civilian labor force) can act as a proxy 
variable for X1 and for X3, because it is cor- 


related with both as follows (suppressing the 
constant term): 


(2) Xi = aU +e 
(3) Xa = aU +e 


a, <0 
as <0 


The empirical regression of Y on U yields a 
coefficient byy: 


vb dY dX, aks 
n= o ~gu IU 
= Gæ + A203 


Mooney finds that when labor force par- 
ticipation rates of wives (Y), in families with 
husband present, are regressed on the overall 
SMSA unemployment rate (U), in the SMSA 
cross-section, byg <0 for each of the groups 
white or non-white, poor or non-poor, the 
latter defined by average income in the ur- 
ban tract. He also finds, and this is the major 
issue in the article and in our comment, that 
the negative response of the non-white (or 
poor) labor force to the overall SMSA un- 
employment rate is larger than the response 
of the white (or non-poor) labor force. 

In symbols: 


(5) | oru| > lèro], 


where n denotes non-white (poor) labor and 
w denotes white (non-poor) labor. Given as- 
sumptions (1) to (4), this is equivalent to: 


(Sa) | Gantan | ai | Gin@ın | > | Brocton | 
T | Giat | 


The point of our comment is that this ob- 
Servation tn the cross-section carries no impli- 
cations to the effect that: (a) the cyclical 
sensitivity of non-white (poor) labor force is 
greater than that of the white (non-poor) 
labor force, or (b) the non-white (poor) labor 
supply function contains a stronger substitu- 
tion (or weaker income) parameter than the 
white (non-poor) labor supply function. 

The reasons why inequality (5) need not 
hold in time series are indicated below. That 
it in fact does not hold in time series is shown 
in Table 1 and Chart 1. We proceed to eluci- 
date both propositions. 

Assume that supply functions for each 
labor force are the same, so that am=cis, 
Qn = Om. Under these conditions, the cross- 
section inequality (Sa) observed by Mooney 
will hold if: 


(6) | an| > | Ge. and 


( 7) Gian Gro 





Gin Giw 
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(See the Appendix for a demonstration of 
this proposition and for further comments 
about inequalities (6) and (7)). - 

Inequality (6) may hold because the gen- 
eral level of economic activity in an area as 
represented by U is likely to be a more im- 
portant indicator of job opportunities for 
non-white than for white women. The reason 
is the close link between local levels of 
economic activity and the local demands for 
service and household workers, and the im- 
portance of these occupations for non-white 
female employment.* 

Inequality (7) may hold because ]amw| is 
not expected to be sufficiently smaller than 
|@in| to offset (6). Indeed, it may be that 
| in| <| cis], because white workers are a 
much larger proportion of the total labor 
force than non-white workers. Since the 
SMSA unemployment rate does not mainly, 
or even largely,’ represent a cyclical position 
common to all groups, it is likely to be a 
better proxy—in a correlation and regression 
sense—for white than for non-white family 
income. 

Inequalities (6) and (7) are less likely to 
hold in time series. Unemployment rates of 
whites and of non-whites move in unison 
over the business cycle, though with an 
amplitude more than twice as large for non- 
whites.‘ However, since average incomes 
(and wages) of non-whites are about one- 
half that of whites, the a-coefficients which 
are measured in dollars, may well be similar 


2 About 58 per cent of non-white females who live in 
poverty areas of the large SMSA’s are service workers 
or private household workers. Outside these areas, 44 
per cent of non-white females are in these occupations, 
and among white females the percentages in these occu- 
pations are 23 and 16 in poverty and nonpoverty areas, 
respectively. source: [11, p. 1107]. 

3 On this, see Mincer [8, p. 80]. 

1 The absolute and relative variances in unemploy- 
ment rates are larger for non-white workers. The stan- 
dard deviations of unemployment rates for non-white 
males and females for 1948-1966 are 2.6 and 2.0, respec- 
tively, compared to standard deviations of 1.1 and 1.0 
for white males and females. The corresponding coeffi- 
cients of variations are .29 and .23 for non-white males 
and females, respectively, and .27 and .19 for white 
males and females respectively. (Source of data: [5, p. 
214]). For evidence on income variability among low 
skill groups see [10, p. 34] and [5]. 


in both groups, though this can be more con- 
fidently asserted about a than about as. 

If so, and if the supply parameters are the 
same for the two labor forces, we should find 
in the time series that b}g=b}y, or the 
equivalent b@a_rwy7=0, that is to say, a 
similar cyclical behavior of the two labor 
forces. Chart 1 and Table 1B indicate, how- 
ever, that the procyclical fluctuations in the 
labor force rates of white married women, 
if anything, exceed those of non-white mar- 
ried women. This is contrary to Mooney’s 
findings in the cross-section. This reversal 
of the relation in time series could arise either 
because inequalities (6) and (7) are reversed 
in time series, and/or because the labor 
supply parameters (a) are different in the 
two groups, with the income parameters 
(a1) absolutely larger (or the substitution 
parameter ag absolutely smaller) in the be- 
havior of the non-white labor force. 

The hypothesis that the income effect, a1 
(“added worker behavior’’), is stronger in 
the poor labor force is theoretically plausi- 
ble: If the “additional worker” phenomenon 


-is viewed as an alternative to dissaving, as- 


set decumulation, or increasing debt in the 
attempts of families to maintain consump- 
tion in the face of declining income, such be- 
havior is most likely to appear in families at 
low levels of wealth.ë 

The differential cyclical sensitivity of Y, 
compared to Y, is shown in Figure 1 and 
Table 1B, based on data in Table 1A. The 
use of (Y,—Y,) is convenient: it replaces 
two scatter diagrams by one, and it dampens 
trends (which are, incidentally, similar for 
non-white and white married women, hus- 
band present) which would dominate the 
separate regressions. A fuller effect of the 
trend is taken into account by the regressions 
on lines 2 and 3 of Table 1B where time 
(1948=1) is included in arithmetic and 
logarithmic form. The partial coefficient, 
bwn—_ywyu.r, remains positive and significant. 
A somewhat less clear but positive correla- 
tion is obtained in a similar scatter for all 
women, rather than married women. 


5 For an elaboration and other supporting empirical 
evidence see Mincer [7, p. 75] and [8, p. 95 and note 
37, p. 111]. Also Cain [3, pp. 288-90]. 
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Taste 1A—Lazor Force RATES oF MARRIED WOMEN, 
HUSBAND PRESENT AND THE AGGREGATE UNEMPLOY- 
MENT RATE, Unrrep States 1948-1966 





Labor Force 

Month Participation Rates Aggregate 

April (A) Unemploy- 

or Non- : ment Rate 

March (M) | white | White (March) 
and Year | Wives (4) 
(2) 
(1) 

1948A | 30.6 | 21.3 9.3 4.0 
1949 A 33.0 21.7 11.3 5.0 
1950 M 37.0 22.8 14.2 6.3 
1951 A 36.0 24.3 11.7 3.4 
1952 A 33.6 24.5 9.1 2.9 
1953 A 33.5 25.0 8.5 2.6 
1954 A 36.9 26.0 10.9 5.7 
1955 A 38.2 27.0 11.2 4.6 
1956 M 40.6 28.0 12.6 4.2 
1957 M 40.2 28.7 11.5 3.7 
1958 M 42.0 29.2 12.8 6.7 
1959 M 41.7 30.0 11.7 5.6 
1960 M 40.8 29.6 11.2 5.4 
1961 M 45.0 31.6 13.4 6.9 
1962 M 46.5 31.5 15.0 > 5.6 
1963 M 44.8 32.7 12.1 5.7 
1964 M 45.4 33.4 12.0 5.4 
1965 M 46.7 33.6 13.1 4.7 
1966 M 47.6 34.3 13.3 3.8 
1967 M 47.8 35.8 12.0 3.9 





Source: Labor Force Rates: 1948-1958, Current 
Population Reports, p. 50; 1959-1967, 
Spectal Labor Force Reports. 
Unemployment Rates: Employment and 
Earnings, February 1967. 


Nonwhite minus white 
labor force rate 
1 





14 


13 


10 


Correlation r=+62 


4 on 6 7 
Unemployment rata 
FIGURE 1.—SCATTER DIAGRAM OF UNEMPLOYMENT 
RATES AND THE DIFFERENCE IN LFPR’s oF 
MarrwD Women, HUSBAND PRESENT, 
Non-warre Mmus Ware 


IL. Conflicting Evidence from Cross- 
Sectional Siudtes 
An implication of the preceding discussion 
is that a “cleaner” empirical specification of 
variables representing X, and X: will show 
a larger net discouragement effect for whites 
(or the non-poor) than non-whites (or the 
poor), even in cross-sections. Specifically, we 
have argued that the total unemployment 


TABLE 1B—REGRESSION RESULTS OF THE DIFFERENCE IN LFPR’s (cot. (3) 
IN TABLE 1A) AND UNEMPLOYMENT RATES (COL. (4) Iv TABLE 1A), Wira 
AND WITHOUT A TREND VARIABLE (YEAR=T) 








Dependent Variable 
(LFPR of Non-white 
Wives= Yn and of 
White Wives= Yw) 








Source of data: Table 1A. 





Independent Variable 
(t-ratios in parentheses) Ri 





T(1948=1) 
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rate which Mooney used overstates the esti- 
mate of the “discouragement effect” and 
understates the estimate of the “added 
worker effect” for non-whites relative to 
whites. Indeed, the net discouragement ef- 
fects that Mooney measured with the total 
unemployment rate are surely biased esti- 
mates for both whites and non-whites, since 
they are much larger than we have any rea- 
son to expect. For example, an increase in 
unemployment rates from 3 per cent to 7 per 
cent implies, by Mooney’s Table 2, a de- 
crease of 18 percentage points in the LFPR 
of non-white wives! 

Two improvements in the specification of 
the statistical model are available. One is to 
use unemployment rates specific to the two 
color groups for the separate regressions with 
each group. The goal is to capture the income 
changes occurring within each color group 
of families (to measure a1) and the changes 
occurring in the labor market for each color 
group of wives who work (to measure ay). 
Limitations of the data, however, force us to 
measure the combined effects of these 
changes (a,-+a9).8 A second improvement is 
to add to the model “long-run” income and 
wage variables and other “permanent” ef- 
fects, so that the measures of short-run or 
transitory effects can be more nearly iso- 
lated. This step was taken in the cross-section 
study discussed below which shows results 
that differ from Mooney’s. A final point 
which will be discussed briefly is the effect 
of migration on the particular cross-section 
regressions computed by Mooney. 


6 Qur attempt with cross-section data to use simul- 
taneously the male unemployment rate as a proxy for 
X, and the female unemployment rate as a proxy for X3 
led to ambiguous results, The “added worker effect” 
was more positive (actually, a smaller negative coeffi- 
cient) for white than non-white wives. However, the 
“discouragement effect” was larger in absolute value 
for non-whites. Our opinion is that the simultaneous 
measure of the two effects is not feasible. Even if the 
unemployment rates were perfect measures of male 
income and female wage changes (which they are not), 
they are not precisely specific to the husband and wife 
groups studied. Furthermore, there is high collinearity 
between the unemployment rates, with rates for pri- 
mary workers (like husbands) tending to dominate the 
representation of the overall state of the labor market 
regarding “job opportunities.” 


1. A direct conflict with Mooney’s results 
is found in the study by Cain [3]. The 
LFPR of married women with husband 
present in SMSA’s was found to be signifi- 
cantly negatively related to unemployment 
for white wives for both 1950 and 1960, but 
this relation was not significant for non-white 
wives. The smaller net negative effect of 
unemployment shown for non-white wives 
in this research appears correct (as shown be- 
low in Table 2), but Cain was incorrect in 
emphasizing for non-whites the nonsignifi- 
cance of his original measure of the un- 
employment effect for the 1960 data. His 
use of the male unemployment: rate intro- 
duced a bias in the opposite direction to that 
made: in Mooney’s analysis—as should be 
clear in our discussion above, since the 
“added worker effect” is exaggerated rela- 
tive to the “discouragement effect” when 
only the male unemployment rate is used, 
and it turns out that this distortion is more 
severe for non-whites than for whites. The 
color-specific total (male plus female) un- 
employment rate appears to be the best 
candidate to capture the net effect of un- 
employment, i.e. (a:-+as). 

We argued above in part I that the mea- 
sured (negative) effect of unemployment on 
the LFPR of non-white wives is exaggerated 
(because of the behavior of the a; param- 
eters) when the total unemployment rate 
instead of the unemployment rate for the 
non-white population is used. This argument 
is supported by cross-section regressions 
computed with the same data that underlie 
Table 2 which show that for LFPR’s of non- 
white wives, husband present, the coefficient 
was —2.30 when the total unemployment 
rate was the regressand (regression not shown 
in Table 2) and — 1.44 when the non-white 
unemployment rate was used. The coefficient 
for white wives was —1.79 when the white 
unemployment rate was the regressand. The 
smaller (negative) coefficient for non-white 
wives found when non-white unemployment 
rates were used is more compatible with the 
time series evidence. 

The coefficients discussed above are all 
simple regression coefficients. It is with. 
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TABLE 2.—COMPARISON OF SIMPLE AND PARTIAL REGRESSION COEFFICIENTS OF SELECTED UNEMPLOYMENT 
RATES; DEPENDENT VARIABLE IS THE LFPR oF WIvES, HUSBAND PRESENT, 
For Non-wuite Wives AND ALL Wives, SMSA’s IN 1960 











1. Non-whiie wives (All 66 SMSA’s | Regression Coefficient and 
with population >250,000, with t-Ratios in Parentheses 
data for non-whites). LFPR of non- |———-——-——___—_ 
white wives is the dependent variable 








Unemployment, U, as independent 
variable 
(a) Total unemployment rate, 
non-whites 
Simple regression 
Multiple regression> 


9.09 2.95 .32 


(b) Male unemployment rate, 
non-whites 
Simple regression 
Multiple regression? 


9.42 3,21 „34 





(c) Female unemployment rate, 
non-whites 
Simple regression 
Multiple regression? 


8.60 2.86 33 


2. AW wives (game 66 SMSA’s as in 1) 
LFPR of all wives is the dependent 
variable 
(a) Total unemployment rate, whites* 

Simple regression 
Multiple regression> 





4,26 1.15 27 


(b) Male unemployment rates, whites* 
Simple regression 
Multiple regression> 


(c) Female unemployment rate, 
whites? 
Simple regression 
Multiple regression? 


4.51 1.35 -30 


3. AU wives (all 100 SMSA’s over 250,000 
LFPR of all wives is the dependent 
variable) 

(a) Total unemployment rate 
(both races) 
Simple regression 








* Coefficient is not significant at the 5 per cent level. 

e All variables were transformed to logs except for the dummy variable for region. 

> The other variables, besides unemployment, in the multiple regression were, for each color group, income of 
males, income of females, the years of schooling completed of females, the fertility rate, and a dummy variable 
representing the South region. 

e Unemployment rates for whites were derived by subtracting the appropriate labor force and unemployment 
figures for non-whites in each SMSA from the corresponding figures for the total population. 
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TABLE 2 (Continued) 








Regression Coefficient and 
+Ratios in Parentheses y 


Multiple regression? 


(b) Male unemployment rate 


Simple regression (6.98) 
Multiple regression? —1.12 
(5.85) 
(c) Female unemployment rate —1.1i 
Simple regression (4.65) 
Multiple regression? — .90 
(3.98) 











Oe Cuf U 





5.10 1.76 .35 





— .19 5.24 1.46 -28 





multiple regressions, however, that we find 
the most important differences in Cain’s re- 
sults and conclusions compared with Moon- 
ey’s. Table 2 shows the relation between 
LFPR’s of wives, husband present, for the 
two color groups and three color-specific un- 
employment rates—for males, females, and 
the total.” As shown in Table 2, the simple 
regressions of the LFPR of non-white wives 
on non-white unemployment rates produce 
coefficients that are negative and highly 
significant. When the other variables are 
included, however, the unemployment co- 
efficients diminish and become in some cases 
statistically insignificant (by slight margins). 

Also shown in Table 2 are the changes be- 
tween the simple and partial coefficients of 
the same unemployment rates (for whites) 
on the LFPR of total (or white) wives in the 
1960 study. The differences between the 
simple and partial coefficients are much 
smaller than they were for non-whites and 


™Most of the coefficients in Table 2 for the total 
group of wives are different from those found in corres- 
ponding regressions that were reported in Cain [2], 
[3]. Table 2 benefits from a correction of a misrecorded 
unemployment rate for whites in one SMSA. The only 
qualitative correction that needs to be made in the 
earlier studies is to resolve the puzzle over the insig- 
nificant coefficient of unemployment in the regressions 
in arithmetic form—we now see that the arithmetic as 
well as the logarithmic form of unemployment yields 
significant (negative) coefficients with respect to white 
wives’ LFPR’s. 





the partial coefficients are consistently larger 
for white wives than for non-white wives. 
Evidently the biases from the omitted 
variables are much stronger in the regres- 
sions of non-white wives’ LFPR’s. More- 
over, exactly this pattern of differential ef- 
fects of omitted variables is shown in 
Mooney’s Tables 2 and 3. The coefficient of 
unemployment is reduced when a demand 
variable is added in the regressions of non- 
white wives, but adding the demand variable 
in regressions of white wives increases the 
coefficient of unemployment.’ 

The regression models in Table 2 included 
variables representing the income of the 
husband and the wage earnings available to 
wives. As reported in [3, pp. 288-90], the 
income parameter was larger relative to the 
wage parameter for non-white wives com- 
pared to white wives. These “long-run” ef- 
fects corroborate the color differences found 
in the effects of unemployment. 

The results for non-white and white 
wives, husband present, are suggestive of the 


$ It should be pointed out that Mooney was con- 
strained from using multiple regression models by his 
data source, since the Census tract data do not include 
the same wealth of variables that are available for the 
entire city or SMSA. However, when Mooney did add 
an additional variable (one that reflected normal de- 
mand conditions for female workers in the SMSA), the 
gross negative effect on unemployment for non-white 
pl was cut by 20 per cent See his Tables 2 and 3 in 

9]. 
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results we might obtain for poor and non- 
poor families, but the translation is not al- 
together straightforward. A research focus 
on families in which both spouses are present 
provides only limited insights into many 
labor supply aspects of poverty issues.® 

2. Mooney’s use of poverty areas as the 
data base for comparing differential labor 
force responses to unemployment between 
whites and non-whites is subject to addi- 
tional problems which make it risky to gen- 
eralize his results to a wider or different con- 
text. The first problem, recognized by 
Mooney, is that poor whites are more likely 
to have various labor market handicaps 
which would explain both their presence in 
poverty areas and their lesser responsiveness 
to labor market conditions. 

Another factor is a difference between 
white and non-white families in their pat- 
terns of residential mobility within SMSA’s.!° 
If better job opportunities induce and en- 
able white families to move out of poverty 
areas more easily than non-white families, as 
is generally believed, the white population 
‘remaining in the poverty areas will show a 
weaker labor force response across SMSA’s. 


IIL. Conclusion 


Mooney’s research has added to our 
knowledge of the responsiveness of the labor 
force, particularly secondary workers, to un- 
employment conditions. The net effect of 
unemployment for segments of the poverty 
population and for non-whites is probably 
negative, but the effects are unlikely to be 
larger than those for the non-poor and white 
groups. Mooney’s conclusions to the contrary 
are derived from a statistical model that is 


? Mooney also reported on the relation between 
LFPR’s of males and unemployment. He found that 
the LFPR’s of males in poverty tracts were significantly 
negatively affected by unemployment, but that the 
LFPR’s of al} males were not. Conflicting evidence is, 
however, reported by Bowen and Finegan [1], who 
report e significant negative effect of unemployment on 
the LFPR’s of several age groups of males among 100 
SMSA’s in 1960, Their results are derived from a mul- 
tiple regression model similar to that used by Cain. 

10 Inter-SMSA mobility, which Mooney discussed, 
need not be greater for poor whites than for poor non- 
whites, though it may be, 


not well specified for the hypothesis he was 
testing, and other empirical evidence basec 
on better specified models do not support 
him, 
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APPENDIX 


Part 1 


The purpose of this part of the Appendiy 
is to demonstrate that inequalities (6) anc 
(7) imply that (5) or (5a) hold even i 
Qin = Oy ANd Qin = Ay. 

Given: Gin, Gan, iw, Gw, @ and —a <0 

By assuming that the labor supply param. 
eters between whites and non-whites ar 
the same, we can drop the subscripts n anc 
w on the a;. We know: 


a a 
(A.1) Aing + Gone < 0 repeats gel eae <( 


On ay 


Giw ae 
(A.2) amai + Gwa: <0 or —+— <1 
aw ay 


If the following inequalities hold (as we 


argued in our comment and defend in more 
detail below): 


Om 


(A.3) | an| > | ee] or >1 
Gow 








Mak sae 
in Giliw 
then: 
(A.5) — (eer@in-t radon) < (a101 t arin) <0 


which is equivalent to inequalities (5) anc 
(5a) in our comment. Proof. Inverting bott 
sides of (A.4) and then reversing the inequal: 
ity gives: 
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Gin 1p 





(A.6) 


Gin Or 
Adding a:/o to both sides: 


fe 4 St in 4 


a1 atw ay 


(A.7) 


Both sides of (A.7) are negative, from 
(A.1) and (A.2), so we may multiply the left 
side by a number>1 without violating the 
inequality, Let din/dan, which is>1 by (A.3), 
be this number. Then: 


Qin a tiw 
(A.8) (=) (= + “) < <5 
Or Oin ay Ow ay 
Multiplying both sides by a1@2,, which is a 


positive number and thus does not alter the 
inequality, gives, after simplifying: 


(A.9) Qim + Qü < alw + A242 < O 


which was to be shown. 


Part 2 


It may be helpful to indicate more for- 
mally the basis for inequalities (6) and (7) 
which are also listed above as (A.3) and (A.4). 
First: 


T xy Tren 
din = pon (——] and aw = pu 
ou OU 


where p; is the correlation between the transi- 
tory change in wives’ earnings, Xs, and the 
unemployment rate, U, for the entire SMSA. 
We assume a bivariate normal distribution. 
We argued that |pa|> |p| for reasons 
given earlier. Moreover the variance in 
earnings among non-whites, os}, is surely 
larger than that of whites. The absolute 
levels of earnings for white females is some- 
what larger than for non-white females, but 
the variability of the latter group’s earnings 
is considerably greater. Thus |a] > |a]. 
Second: 


Tx, Os iw 
Oin = Pin \ and diy = Pw 
ou yg 


As we argued earlier, |p| < |p|; proba- 
bly by a wide margin. Also, the absolute 








levels of non-white male incomes are no more 
than 60 per cent of the income levels of white 
males, so even though the relative variation 
in non-white male incomes is greater than for 
whites, the standard deviation of absolute 
income changes will be similar. That is, 
Os, *oz,,, Which implies that |diq|< |e. 
Even if o >os,, and |ain|>|ain|, the 
margin seat be sufficiently small so that 
the inequality (A.9) is preserved. 
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URBAN POVERTY AND LABOR 
FORCE PARTICIPATION: REPLY 


Several years ago, Jacob Mincer wrote a 
truly pioneering and classic study of the labor 
force participation of married women [4]. 
This article stimulated and fostered a great 
deal of useful research in the area of labor 
supply functions. Furthermore, Glen Cain has 
written the best and most comprehensive 
study of the labor force participation of mar- 
ried women [2]. Consequently, when I re- 
ceived this comment on my article I antici- 
pated an illuminating and perceptive critique. 
I was disappointed, for any relationship be- 
tween the Mincer-Cain comment and my arti- 
cle on “Urban Poverty and Labor Force Par- 
ticipation” [5] is a distant one at best. 

In this reply, I shall first respond to the 
general criticisms of Mincer and Cain and 
then present some regression results which re- 
spond to their specific empirical results. It 
might be best to begin with what I think was 
the clearly stated purpose of my paper— 
namely, “to analyze the significance of pat- 
terns of labor force participation for the pov- 
erty problem” [5, p. 105]. My study was 
concerned primarily with “estimating the di- 
rections and magnitude of the relation be- 
tween the overall state of the economy (as ap- 
proximated by the unemployment rate in 
urban areas) and the labor force participation 
rates of the urban poor” [5, p. 105]. An in- 
verse relationship was found between the 
SMSA unemployment rates and the labor 
force participation rates of the urban poor, 
and this relationship was especially significant 
for non-white married women with husbands 
present. After posting several caveats, I stated 
that the basic conclusion which could be 
drawn from my findings is that “the average 
non-white urban family with both husband 
and wife present attempts to lift itself out of 


poverty... by becoming multiple-earner fam- 
ilies” [5, p. 117]. Mincer and Cain simply 
ignore this and assert that “the central and 
novel conclusion of the study is that the nega- 
tive response of labor force participation to 
unemployment is stronger for the poor than 
for the non-poor, and for non-white married 
women compared with white married women.” 
Although these results were by-products of 
the main purpose of my study, they were not 
the main results of the study and incidentally 
have not been proven correct or incorrect by 
the Mincer-Cain comment. I will comment 
more specifically on this point later in this 
reply. 

Another criticism of my article in the 
Mincer-Cain comment is that the cross-section 
regression estimates are not translatable di- 
rectly into aggregate time series behavior. I 
agree and explicitly state that “the cross-sec- 
tional analyses in this study probably repre- 
sent the accumulation of labor force adjust- 
ments to long-run differences in economic op- 
portunity and social factors in addition to 
short-run cyclical variations. Thus, it is not 
entirely legitimate to use the estimates of 
labor force sensitivity presented in this study 
to project short-run changes in labor force be- 
havior over the cycle” [5, p. 117]. Possibly, I 
should have stated this obvious latter point 
more strongly but the problems of using 
cross-section regression estimates in analyzing 
time series behavior have been demonstrated 
by Kuh [3]. 

Apparent misunderstandings aside, there is 
a basic conceptual difference between the 
Mincer-Cain framework and the approach 
contained in my article, Mincer and Cain uti- 
lize the conventional theory that a worker is 
presumed to be able to make a rational choice 
between income and leisure. Utility maximiza- 
tion on the part of the worker is viewed 
merely as an extension of consumer choice. 
Mincer and Cain assert that “it is important 
to keep in mind that labor force participation 
rates across areas are related to both wage 
and income variables, and to both normal and 
transitory components of these variables. The 
closer the model comes to specifying these 
variables, the more confidence we have in it.” 

In the light of their criticisms, it is ironic to 
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note that the time series regression presented 
in Table IB utilizes as the independent vari- 
able neither a wage nor an income variable 
but the overall unemployment rate which 
Mincer and Cain claim is a proxy for the in- 
come and substitution variables. It should be 
noted that the unemployment rate can be used 
as a proxy for the wage variable (or more pre- 
cisely, changes in wage rates) over time only 
if one assumes a stable long-run Phillips 
Curve relationship. Whether a stable long-run 
Phillips Curve for the United States exists re- 
mains to be demonstrated. 

In my paper, I also used the unemployment 
rate as the primary independent variable, but 
for different reasons. In my view, it is more 
useful to regard the unemployment rate as an 
important variable on its own rather than 
merely a proxy variable for traditional price 
theory variables. In the absence of job va- 
cancy data, the unemployment rate becomes a 
proxy variable for the number of available 
jobs in an area or the country as a whole. As 
William Bowen and T. A. Finegan state it, 
“the unemployment rate can serve as a mea- 
sure of the probability that an individual job- 
seeker who is prepared to invest a given 
amount in search will not be able to find em- 
ployment within a given period of time” [1]. 
It is my contention that the key group in my 
study and in the Mincer-Cain comment, 
namely poor married non-white women with 
husbands present, regard jobs per se as the 
meaningful stimuli for movements into and 
out of the labor force. I am hypothesizing that 
a person in poverty compares her present in- 
come position which may be zero (being mar- 
ried with spouse present, she is unlikely to be 
able to collect welfare), against income forth- 
coming if she can find a job. Even though she 
is handicapped in her job search by being 
Negro and most likely unskilled and with lit- 
tle education, a tightening of the labor mar- 
ket, i.e., a lowering of the unemployment rate, 
enhances her chances of acquiring a job. In- 
formation concerning the whereabouts of 
available jobs is not quite the scarce good it 
formerly was. 

It seems to have been overlooked by 
Mincer and Cain that I was talking primarily 
about a very special and unfortunate group in 


our society—namely the urban non-white 
poor. Almost 200 years ago, the following 
words were written: “We hold these truths to 
be self-evident, that all men are created equal, 
that they are endowed by their creator with 
certain unalienable Rights, that among these 
are Life, Liberty, and the Pursuit of Happiness 
—That to secure these Rights, Governments 
are instituted among Men, deriving their just 
Powers from the Consent of the Governed... .” 
These famous words were written not by a 
radical New Leftist but by a brilliant slave 
owner, Thomas Jefferson. Jefferson, however, 
did not regard Negroes as men in the sense he 
used the term in the Declaration of Indepen- 
dence. Not even 100 years after a bloody civil 
war which eliminated formal slavery, can true 
equality be said to have been accomplished. 
Mincer and Cain are as aware of this awful 
phase of American history as I am. But they 
do not seem to recognize that many poor and 
unskilled non-whites do not have the opportu- 
nity to examine jobs in terms of their pecuni- 
ary and nonpecuniary features and then make 
a decision regarding work effort and leisure. 
For example, many jobs for which they might 
be hired by a nondiscriminatory employer pay 
the going minimum wage. Thus, I contend and 
will demonstrate later in this reply that the 
availability of jobs rather than the differences 
in wages plays a far more important role in 
explaining the variations in labor force partic- 
ipation rates for poor urban non-white mar- 
ried women with husbands present. 

On a more specific point, Mincer and Cain 
assume without even a qualifying footnote 
that all non-whites are poor and all whites are 
not poor. This is a “slight” distortion of real- 
ity. To be precise, 35 per cent of all non-white 
persons (8.3 million) fell below the Social Se- 
curity Administration’s poverty line in 1967 
and 10 per cent of whites (17.6 million) fell 
below their poverty line [6, p. 9]. I do not be- 
lieve that the preceding is a picayune point but 
on the contrary feel that it makes much of the 
Mincer-Cain comment irrelevant. Their com- 
ment simply is not directed at the poverty 
problem. In my view, this is the fundamental 
difficulty with their comment as it pertains to 
my article, 

Mincer and Cain are correct on one point 
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however. I did not have enough evidence to 
draw any conclusions about the differences in 
the negative responses to unemployment of 
the labor force participation rates of the poor 
versus the non-poor. They jump on my re- 
marks pertaining to this point as the main 
conclusion of the article and I simply assert 
that I did not regard it as such. They go even 
further by attempting to show that “direct 
time series observations appear to show that 
the cyclical labor force response of non-white 
married women, husband present [a minor- 
ity of whom are poor incidentally] is weaker 
than that of white women, and, at times even 
counter-cyclical.” My own empirical results 
concerning this issue leave me in a state of ag- 
nosticism. 

The gist of the Mincer-Cain comment is 
that the regression model used in my study is 
not completely specified. Of course, they are 
correct but I admitted this shortcoming in my 
article [pp. 5, 115-16] and the reasons for 
it. However, in their time series analysis, 
Mincer and Cain use the simplest of time se- 
ries models to explain variations in labor force 
participation that I have ever seen. For the 
dependent variable, they use the difference in 
the labor force participation rates of non- 
white and white married women with hus- 
bands present. However, these participation 
rates are for only one month in the year 
(April or March) and are seasonally unad- 
justed. Since their data refer to only one 
month per year, there is the distinct possibil- 
ity that there is a seasonal bias. Furthermore, 
their independent variable is the unemploy- 
ment rate for the same month. Their model, 
not allowing for any lags, simply overlooks 
the strong possibility that there is actually 
some lapse of time between changes in labor 
market conditions and induced changes in 
labor force participation rates. 

I have tried to improve on the form of the 
Mincer-Cain time series model. I obtained un- 
published average quarterly data on the labor 
force participation rates of non-white and 
white married women with husbands present. 
Unfortunately these data are only available 
from the first quarter of 1959 to the second 
quarter of 1967. Nonetheless, the results are 


still of some interest. When the differences in 
the participation rates are regressed on the av- 
erage quarterly unemployment rate and a time 
trend, the coefficient of the unemployment 
rate was positive (.89) but insignificant (¢ = 
1.3). The R? was a whopping .08. When the 
average quarterly unemployment rate was 
lagged by one quarter, the coefficient of the 
unemployment rate became negative and still 
insignificant. In addition, the R? did not show 
any significant increase. Further experimenta- 
tions with lagged unemployment rates and 
distributed lag formulations also failed to im- 
prove the explanatory power of the regession 
model. In addition, if you break the Mincer- 
Cain time series at year 1959 and run their 
regression with the unlagged March unem- 
ployment rate and a time trend for the years 
1959-1967 (the 1967 data are now currently 
available), the results are very different from 
their 1947-1966 time series regression. The 
coefficient of the unemployment rate is still- 
positive (.66) but has a “£” value of .97 and 
thus cannot be regarded as significantly dif- 
ferent from zero. The R? falls to .15, Breaking 
the time series at 1959 is not altogether arbi- 
trary since my study was concerned with 
cross-section behavior in 1960 and its implica- 
tions for the future. What do these conflicting 
time series results mean? As I stated above, I 
do not know. However, it should be clear that 
the simple time series results presented by 
Mincer and Cain cannot be accepted as the 
final answer to what is obviously a very com- 
plicated question. 

Regarding the cross-sectional results of 
Cain’s study which are used to demonstrate 
that the coefficient of the unemployment rate 
in my study, as it is applied to poor urban 
non-white married women with husbands pres- 
ent, was “surely biased,” a brief coment is re- 
quired. I admitted in the article [5, p. 
116] that the coefficient of the unemployment 
rate was biased upwards, but not for the rea- 
sons stated by Mincer and Cain. To satisfy 
their criticisms that “an improvement in the 
model would be to add long-run income and 
wage variables and other permanent effects so 
that the measures of short-run or transitory 
effects can be more nearly isolated,” I have 
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added variables representing the income of 
non-white males and wage earnings of non- 
white females for the entire SMSA’s under 
consideration. The initial and “improved” 
regression results for poor urban non-white 
married women are presented in Table 1. The 
N census tracts are those which had a median 
income less than two-thirds of that for the 
SMSA as a whole and a non-white population 
that was over 50 per cent of the total popula- 
tion. The population of the vast majority of 
these N tracts consisted almost entirely of 
non-whites. Since this is the group (ie., non- 
white married women with husbands present) 
on which Mincer and Cain concentrate much 
of their attention, I have limited my analysis 
to this group. The dependent variable is the 
labor force participation rate of non-white 
married women with husbands present in each 
of the SMSA’s. ` 

The addition of the income and wage vari- 
ables does not alter the coefficient of the un- 
employment rate in any significant fashion. 
Once again, it has to be recalled that Cain’s 
work applies to all non-whites in a larger sam- 
ple of SMSA’s, whereas my work pertains 
only to urban, poor non-whites. For purposes 


TABLE 1—REsuLTs oF MULTIPLE REGRESSIONS FOR 

Urgan Poor Non-woite MARRED WOMEN WITH 

HUSBANDS PRESENT, FOR ALL SMSA’s over 500,000 
IN POPULATION IN 1960 








Variables 
X,= the SMSA unemployment rate 
Xs% the industrial structure variable for each SMSA 
X;=income of nonwhite males in each SMSA 
X= income of nonwhite females in each SMSA 


of clarification for the reader, this point can- 
not be overemphasized. 

My results would seem to suggest that 
Negroes should have benefited dispropor- 
tionately from the most prolonged economic 
expansion in our history (i.e., the last seven 
years). There is some evidence that such a 
phenomenon has occurred. For example, me- 
dian income of non-white families as a per- 
centage of white family income has increased 
from 53 per cent in 1961 to 62 in 1967 [6, p. 
6]. The percentage of non-white persons 
below the poverty line fell from 55 in 1961 to 
35 in 1967 [6, p. 9]. Whether this improve- 
ment in the Negro’s economic position has 
come primarily from an increase in earnings 
or from an increase in the number of earners 
in Negro families, it is impossible to ascertain. 
Undoubtedly, both factors played a role. 
There is some evidence that the number of 
earners per Negro family has increased rather 
rapidly. In 1964, 53.5 per cent of all Negro 
families had two earners or more. By 1967 
this per cent had risen to 58.5. Furthermore, 
the ratio of median income of Negro families 
with 3 earners or more to white families with 
3 earners or more rose from 48.1 per cent in 
1964 to 60.1 per cent in 1967—a very rapid 
increase in only four years. 

I do not want to conclude by implying that 
economic expansion alone can solve the plight 
of poor non-whites. The problems created by 
300 years of subjugation and discrimination 
could not possibly be solved by seven plus 
years of economic expansion. On the contrary, 
I feel much the same way that the late Dr. 
Martin Luther King felt when he stated so el- 
oquently,—‘‘Much of the ugly experiences of 
Negro history have been obscured or forgot- 
ten. A society is always eager to cover great 
misdeeds with a cloak of forgetfulness, but no 
society can repress an ugly past when the rav- 
ages persist into the present. America owes a 
debt of justice which it has only begun to 
pay.” I would only add that poverty in mod- 
ern America is so unjust and ugly that all who 
tolerate it must try to stifle the voice of con- 

1I would like to thank Dr. Herman Miller of 


U.S. Census Bureau for providing me these unpub- 
lished data. 
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science within themselves. I am confident 
there is no disagreement on this latter point 
between Mincer and Cain and me. 

Josera D. Moonry* 


* The author is associate professor of economics 
at the University. of Michigan, Ann Arbor. As a 
result of a prolonged illness, it was not possible to reply 
to this comment for several months. Professors 
Mincer and Cain were gracious enough to allow pub- 
lication of their comment to be postponed. Thanks 
are due to Professor Cain for providing some data 
from his study. Finally, Terrence Kelly made help- 
ful comments on an earlier draft of this reply. 


REFERENCES 


1. W. G. Bowen anp T. A. Frvecan, “Dis- 
cussion” in R. A. Gordon and M. S. 
Gordon, ed., 1966, Prosperity and Un- 
ployment, pp. 113-21. 

2. G. Carn, Married Women in the Labor 
Force. Chicago 1966. 

3. E. Kun, “The Validity of Cross-Sectionally 


Estimated Behavior Equations in Time. 


Series Applications” Econometrica No. 27, 
(1959) pp. 197-214. 

4, J. Muncer, “Labor Force Participation of 
Married Women” in Aspects of Labor 
Economics, National Bureau of Economic 
Research, Princeton 1962, pp. 63-105. 

5. J. Mooney, “Urban Poverty and Labor 
Force Participation,’ Am. Econ. Rev., 
March 1967, 57, 104-19. 

6. U.S. DEPARTMENT oF COMMERCE, BUREAU 
oF THE CENSUS, Current Population Re- 
ports, Ser. P-23, No. 26, “Recent Trends 
in Social and Economic Conditions of 
Negroes in the United States,” Washing- 
ton 1968. 


“PRICE” VS. “TARIFF” ELASTICITIES 
IN INTERNATIONAL TRADE: 
COMMENT 


In his note M. E. Kreinin [1] does not dis- 
tinguish between a change in the effective 
rate of protection caused by a movement 
along a given supply function and a change 
in the effective rate of protection caused by 
a shift in the supply function. The result is 
that all of his main conclusions are wrong. 


Kreinin’s main argument can be summar- 
ized in the following manner, If the nominal 
tariff levied on the final product j is changed 
by a greater amount than is the tariff levied 
on the input 4, then the change in the 
nominal rate on j will be less than the change 
in the effective rate of protection on j. It is 
the effective rate of protection and not the 
nominal rate that determines the production 
effect of a tariff structure; therefore, 


... when elasticities obtained by other 
means (i.e., without reference to tariff’ 
changes) are employed along with nom- 
inal tariffs, to estimate the effect of 
tariff policies (such as multi-lateral re- 
ductions or a free trade area in manu- 
factures) on trade flows and welfare, they 
are likely to underestimate these effects. 
Only for an across-the-board change 
which applies to all commodities, will 
the results be conceptually accurate 
[1, pp. 893-94]. 


To demonstrate that the conclusions in- 
cluded in the above quote are wrong, two 
cases are presented. In one case the effective 
rate of protection changes by more than the 
nominal rate, but the price elasticity of im- 
port demand will give a correct estimate of 
the relative change in imports that will occur 
for any given change in the nominal rate of 
protection, In the other case, an across-the- 
board change in tariffs leads to a smaller 
actual relative change in imports than would 
be expected on the basis of the price elastic- 
ity of import demand. 

Assume: (1) Commodities ¢ and 7 are 
both imported; (2) Each unit of 7 produced 
requires k units of 4; and (3) The world 
prices of į and ïj are not affected by the tariff 
policies of the country being examined. 

In Figure 1, D is the domestic demand 
curve for j. So is the domestic supply curve of 
j when there is no tariff levied on the imports 
of i. Sı is the domestic supply curve of j when 
a tariff of T; is levied on the imports of 4. 
The vertical distance between So and S; is: 
PkT;. P; is the world or free trade price of i. 
P; is the world price of j and P;(1+7,) is the 
import price of j when a tariff of T; is levied 
on the imports of f. In Figure 1, the value of 
T; is chosen so that: T;=P,kT;/P,. This 
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means that the domestic production of 7 is 
the same when tariffs of T; and T; are levied 
as it is when free trade exists. In Kreinin’s 
terminology, the effective rate of protection 
is zero. Figure 1 clearly shows that the ef- 
fective rate of protection is zero whenever 
the reduced production that occurs at any 
price due to the leftward shift of the supply 
curve, which is the result of a tariff being 
levied on the input, is exactly offset by the 
increased production that occurs due to the 
higher domestic price, which is the result of 
a tariff being levied on the final good. 
Suppose that tariffs of T; and T; are levied. 
Further, suppose that the characteristics of 
the curves S; and D are known so that the 
arc price elasticity of import demand be- 
tween any pair of prices can be calculated. 
For instance, between prices P;(1+7,;) and 
P, the arc elasticity of import demand is: 


[e — b) — (a — a)]/[(c — b) + (4 — o] 
+ [Py + T) — P/B + T) + Fi). 


If this elasticity is multiplied by the change 
in relative import prices that would occur if 
T; were reduced to zero, the resulting esti- 
mate of the relative increase in imports will 
equal the relative increase in imports that 
would occur if the tariff on 7 was, in fact, re- 
duced to zero and the tariff on ¢ was unal- 
tered. The correct estimate is obtained when 
only the change in the nominal rate is used, 
even though the effective rate of protection 
has changed by more than the nominal rate. 

1 The change in the nominal rate is Ty. The initial 
level of the effective rate of protection is: (T;—4,To/ 
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The estimated impact of areductionof T;to 


‘zero will not change if there is an across-the- 


board change in tariffs, but the actual rela- 
tive change in imports will not be the same 
and it will be less than the estimated relative 
change. The estimated relative increase in 
imports will be: 


[(c ~ 8) — (a — a/ie — 6) + (2 a) 


which is larger than the actual relative 
change in imports which will be: 


[e — b) — @~8)]/4l(c — b) + @—d)]. 


The difference between the estimated rela- 
tive increase in trade and the actual relative 
increase in trade occurs because of the in- 
correct use of the price elasticity of import 
demand. The elasticity is calculated from 
knowledge about the curves S; and D. The 
use of the elasticity to estimate the effect of 
changes in prices is only correct in cases in 
which these curves remain stable. When the 
tariff on ¢ is reduced, the supply curve shifts 
to the right; and the use of the elasticity 
based upon the position of the initial supply 
curve will overestimate the change in trade 
that will actually occur. The conclusion is 
that the use of price elasticities with nominal 
tariffs to estimate the effect of tariff policies 
upon trade flows will be conceptually cor- 
rect only if changes are made in the nominal 
rates on the final goods while the tariffs on 
the inputs remain unchanged. If there is an 
across-the-board reduction in tariffs, the use 
of the price elasticity of import demand will 
be conceptually incorrect and will yield an 
overestimate of the actual changes that will 
occur. 

It is easier to show that Kreinin’s conclu- 
sions are wrong than it is to determine what 
part of his analysis leads to the erroneous 
conclusions.* It appears that the error oc- 
curred in the following way. Kreinin ob- 
served that T; has fallen more than T; 





(1—ay) where a;=P,4/P;. After T; has been reduced 
to zero, the effective rate of protection is: ~aiy7;/(1 
—ay). The change in the effective rate of protection is: 
T;/(1—ay). Since (1—a,) is less than 1, Ty is less than 
T;/(1— ay). 

2 This paragraph was substantially revised due to the 
teferee’s comments. 
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causing effective protection to fall more than 
the nominal rate T;. From this he concluded 
that tariff elasticities calculated from changes 
in T; reflect an underestimate of the “true” 
price change involved, and thus underesti- 
mate the induced fall in domestic production 
and increase in imports. But the measured 
price effect of a reduction in nominal tariff 
T; alone should.cause a movement along the 
supply curve of import-competing produc- 
tion that is the same as that caused by an 
equal reduction of P. Any simultaneous fall 
in T, shifts the supply curve to the right. 
Production of import-competing goods then 
falls less, and imports rise less, than would 
have been predicted from a price elasticity. 
G. Donatp Woop, Jr.* 


’ * Assistant professor of economics, Georgetown Uni- 

versity. i 
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“PRICE” VS. “TARIFF” ELASTICITIES 
IN INTERNATIONAL TRADE: 
REPLY 


Professor Wood argues that in relating per- 
centage changes in the quantity imported to 
percentage changes in the effective tariff rates, 
I deviated from the traditional concept of 
elasticity which assumes unchanged input 
prices. The point is valid and well taken. But, 
although it nullifies the specific hypothesis ad- 
vanced in my paper, his argument is directed 
more at the estimates which I attempted to 
reconcile, than at the reconciliation itself. 
Many of the elasticity estimates, however de- 
rived, embody changes in input prices, and 
the use of the elasticity concept is often inap- 
propriate. 

It will be recalled that I attempted to rec- 
oncile the fact that estimates of import-de- 
mand elasticities (for finished manufactures) 
are higher when obtained from tariff changes 
than when derived from direct price-quantity 
relationship. Since import-demand is the 
difference between domestic demand and sup- 


ply of the commodity at various prices, any 
change in input prices would shift the supply 
function, and distort the elasticity estimate.* 
Incorporating the point made by Wood, we 
note that neither approach necessarily mea- 
sures the traditional partial equilibrium elas- 
ticity. Under both methods input prices may 
be expected to change (not necessarily in the 
same direction as prices of the final product) 
over the period used in the estimation, either 
because of tariff changes or for other reasons. 
Furthermore, even estimates free of this bias 
are not readily applicable to new situations— 
e.g., to measure the effect of commercial poli- 
cies—without prior knowledge of movement 
of input prices. 

Thus, although the a priori formulation 
suggested in my original note is ruled out, we 
are still left with a wide range of uncertainty 
concerning the effect of changes in input 
prices on the import-demand elasticity and 
the reconciliation may well lie within this 
area. How important is this effect is an empir- 
ical question, and depends upon circumstances 
in the period used in the investigation. In an 
attempt to shed some preliminary light on it, 
in the case of finished manufactures imported 
into the United States, I regressed the volume 
of these imports on: real GNP; the ratio of 
the import price index to the domestic whole- 
sale price index of finished manufactures; and 
the domestic wholesale price indexes of crude 
materials and intermediate materials, where 
all variables were expressed in logarithm form. 
In an alternative regression, the import price 
indexes of the input variables were used. But 
in both regressions, material input prices 
failed to show any significant relation to the 
volume of imports of finished manufactures, 
or they bore a negative sign. Needless to say, 
materials are only one input that can shift the 
domestic supply function; and even they may 
be more important in other industrial coun- 
‘tries than in the United States. 

Morpecoar E. KREININ* 


1 Paradoxically, estimation of domestic demand 
elasticity requires the assumption of shifts in the 
supply curve along a constant demand function. 

* Professor of economics, Michigan State Uni- 
versity. 
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COUNTRY SIZE AND TRADE 
PATTERNS: COMMENT 


I 


In the June 1968 issue of this Review, D. 
B. Keesing has advanced the proposition that 
small countries are at a disadvantage in the 
international trade of manufactured goods be- 
cause their limited national markets restrict 
the possibilities of exploiting internal and ex- 
ternal economies. According to Keesing, this 
“size effect” would give rise to a positive cor- 
relation between per capita exports of indi- 
vidual categories of manufactured goods and 
population, while there would be a negative 
correlation between per capita imports and 
population. In turn, an “income effect” is said 
to exist if the partial regression coefficient of 
per capita exports and imports with respect 
to income per head exceeds unity. 

Having tested for the size effect in a cross- 
section analysis of 31 countries in regard to 
40 commodity categories, Keesing claims that 
“the regression results strongly confirmed the 
‘hypothesis. Small countries appeared to ex- 
perience a comparative disadvantage in most 
of the important manufacturing industries 
uncompensated by a comparative advantage 
in others” [5, pp. 454-55]. He also pur- 
ports to have found a significant income effect 
in the relationship between per capita exports 
(imports) of these manufactured goods and 
income per head.? 

It is my contention that the statistical tests 
suggested by Keesing cannot be used to es- 
tablish these propositions and, at any rate, his 
formulation is not appropriate for the problem 
at hand. I will present evidence on these 

| points and will also formulate and test alter- 
| native hypotheses concerning the relationship 
| between country size and trade patterns. 


I 


Keesing’s method provides an example of 
the “fallacy of composition,” i.e., the inap- 


i 
1 


[i 

i 

! ` Following Chenery [2], the general formula used 
in the calculations is log (X"/N), or log (M"/N): 
Ke log a; + bulog(¥/N) + bulog N + eu where X," 
and M," denote the exports and imports of individual 
categories of manufactured goods, Y refers to gross 
national product, and N to population. 


propriateness of arguing from the particular 
to the general. While the partial elasticity of 
per capita exports and imports of individual 
categories of manufactured goods with respect 
to population is statisticallly significant at the 
5 per cent level in 105 of the 160 regressions,? 
this result may be due to influences other than 
the disadvantages of small countries in manu- 
facturing industries. Thus, the observed posi- 
tive correlation between per capita exports of 
particular categories of manufactured goods 
and population may be explained by the fact 
that small countries tend to specialize in a few 
export products and hence only some of these 
countries—or none of them—will export any 
one commodity.® Specialization, in turn, leads 
to high per capita imports of various manu- 
factured goods and thus contributes to the ob- 
served negative correlation between per capita 
imports of manufactured goods and popula- 
tion. 

To eliminate the influence on the results of 
the specialization of small countries in a few 
commodities, I have taken as the dependent 
variable the per capita exports [equations 
(1) to (3)] and imports [equations (4) to 
(6)] of all manufactured goods‘ rather than 
of individual product categories. In the case 
of exports, the regression coefficients of the 
size variable are not statistically significant, 
irrespective of whether we consider the 31 or 
the 18 country group. And while there is indi- 
cation of an income effect in the 31 country 
group, on closer inspection this is shown to be 
due to the lack of homogeneity within the 
sample. Thus, introducing a dummy variable 
in equation (2) to differentiate between devel- 
oped and developing countries, the income ef- 
fect ceases to be statistically significant and 
there is even less indication of a size effect. 
Conversely, the size effect, although not the 
income effect, appears significant in the im- 
port regressions [equations (4) to (6)]. 


7 Regressions have been run separately in regard to 
the exports and imports of the 40 commodity cate- 
gories for the entire group of 31 countries and for a 


. subgroup of 18 developed countries. 


*Keesing raises this possibility but fails to take 
account of it in deriving his final conclusions. 

* Defined to include commodity classes 5 to 8 of 
the Standard International Trade Classification. 
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REGRESSION EQUATIONS ON THE RELATIONSHIP OF COUNTRY SIZE AND TRADE PATTERNS? 























Dependent 


Coefficients of Independent Variables 
Variable zZ 


Y/N N 























































1.73 07.3) 0.15 (1.0) —4.05 (40.9 | 0.66 | 2.22 
0.79 (1.8)  0.06(0.4) 0.93 (2.6) ~1.54(16.9) | 0.72 | 2.31 
0.36(0.6) 0.16 (1.2) 0.32 ( 3.3) 0.11 | 1.42 
0.94 (10.9) —0.39 (6.9) 0.84 (22.8) 0.87 | 2.15 
0.72 (4.3) —0.41 (7.2)  0.22(1.6) 1.44 (40.2) 0.89 | 2.27 
0.66(1.8) —0.41 (5.2) 1.85 (33.1) 0.67 | 2.48 
0.60(3.2) 0.27 (2.2) ~3.33 (41.8) 0.32 | 1.66 
0.30(0.8)  0.24(2.0) 0.29 (0.9) —2.54 (31.8) 0.33 | 1.69 
—0.46 (0.9) 0.38 (3.6) —0.41( 5.5) 0.48 | 1.50 
—0.05 (1.0) —0.08 (2.1) 0.23 ( 9.9) 0.15 | 2.43 
—0.07 (0.6) —0.08(2.1)  0.02(0.2) 0.28 (11.7) 0.15 | 2.44 
0.22 (1.1) —0.12 (2.8) —0.44 (14.1) 0.37 | 3.00 
—0.27(5.7) —0.09 (2.8) 0.89 (45.3) 0.53 | 1.61 
—0.10(1.2) —0.07 (2.4) —0.16(2.2) | - 0.44 (24.3) 0.59 | 1.66 
—0.13 (0.7) —0.07 (1.8) 0.40 (13.6) 0.08 | 1.46 





1 Explanation of symbols: Y=gross national product, N =population, X=total exports, X= exports of manu- 
factured goods, X= exports of semimanufactures, M=imports, #*= imports of manufactured goods, Z=dummy 
variable taking value of 1 for developed countries and zero for developing countries. All variables other than Z are 


expressed in logs; ¢ values are shown in parentheses, 


Ii 


The differences in the results of the export 
and import regressions can be explained by . 
the existence of a negative correlation between 
total trade per head and country size’ which 
biases downwards the regression coefficients 
estimated with respect to population in equa- 
tions (1) to (6). In effect, manufactured ex- 
ports (imports) per head—the dependent 
variable in Keesing’s formulation—is the 
product of two ratios: the share of manufac- 
tured exports (imports) in total exports (im- 
ports) and total exports (imports) per head.® 
These ratios are subject to different influ- 
ences, and hence the equations cannot provide 
an appropriate test of the relationship be- 


*With regard to per capita exports, the following 
relationship is shown (é-values in parenthesis) : 
log X/N = 0.28 + 1.06 log Y/N 

(6.8) (10.9) 
—0.29 log N; R° = 0.83 

(4.6) 

°In symbols, X¥/N = X¥/X. X/N and M¥/N = 
M"/M. M/N. 


tween country size and comparative advan- 
tage. For the latter purpose, I have reformu- 
lated the regressions by taking the share of 
the exports (imports) of manufactured goods 
in total exports (imports) as the dependent 
variable. 

The results shown in equations (7) to (12) 
give evidence of a size effect in regard to ex- 
ports as well as for imports in both country 
groups.’ There also appears to be an income 
effect in regard to exports® in the 31 country 
group, but this will again disappear as we in- 
troduce a dummy variable in equation (8) to 
express the degree of development. This modi- 


"The explanatory power of the regressions is, how- 
ever, lower than in the case of equations (1) to (6) 
where the positive correlation between income and 
exports (imports) raised the value of the correla- 
tion coefficients, 

* Deviations from zero rather than from one are 
relevant in this case since the dependent variable is 
now expressed in terms of relative shares while in the 
Previous formulation it was expressed in per capita 
terms. 


| 


| 


( 


| 


COMMUNICATIONS 


fication will, however, reduce only slightly the 
size effect. On the average, a doubling of the 
population seems to be accompanied by a 
one-fourth increase in the share of manufac- 
tured goods in total exports while the increase 
is nearly two-fifths if we consider the devel- 
oped country group. The magnitude of the size 
effect, as well as the explanatory power of the 
regressions, is considerably smaller in the case 
of imports. 

It would appear, then, that small countries 
are at some disadvantage in the international 
trade of manufactured goods although the size 
effect explains only a relatively small part of 
intercountry variations in trade patterns. The 
existence of a size effect provides support of 
Linders hypothesis that production for 
domestic markets is a precondition for export- 
ing manufactures [6, p. 87], since large 
countries are in an advantageous position in 
producing manufactured goods subject to 
economies of scale. The results also support 
the thesis that small countries tend to gain the 
most from trade liberalization and from re- 
gional integration [1]. 


IV 


But manufactured products form a heter- 
ogeneous category and, in explaining interna- 
tional specialization, a distinction should be 
made between semimanufactured goods and 
finished manufactures. Semimanufactures are 
mostly standardized commodities produced in 
single-product firms which require neither a 
vast array of suppliers of parts and compo- 


nents nor extensive selling and merchandizing 


| efforts in foreign markets. In turn, finished 
| manufactures are differentiated products which 

may involve vertical as well as horizontal spe- 

cialization in the production process, and their 
| exportation necessitates considerable effort 
' and expense in selling abroad. Within the 
| manufacturing sector, therefore, we may ex- 
i pect small countries to have a comparative ad- 
| vantage in semimanufactures and a disadvan- 
tage in finished manufactures. 
This hypothesis, first advanced by Jacques 
Dréze with regard to Belgium [3, 4], re- 
stricts the validity of Linder’s proposition to 
finished manufactures because standardized 
semiproducts will not generally require the 
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availability of a home market. In fact, we find 
numerous examples, in countries as diverse as 
Belgium, Hong Kong, and Portugal, that 
domestic consumption plays only a supple- 
mentary role as market outlet for standard- 
ized manufactures. In all such cases, products 
conforming to certain specifications can be 
sold in international markets at the going 
price. 

To test this hypothesis, I have introduced 
the share of semimanufactures in the exports 
of manufactured goods as a dependent vari- 
able, using the same independent variables as 
beforehand.® The results shown in equations 
(13) to (15) provide evidence of a size effect, 
indicating that small countries tend to have a 
comparative advantage in exporting semiman- 
ufactures and a disadvantage in exporting fin- 
ished goods. On the average, the ratio of ex- 
ports of semimanufactures to all manufactures 
falls by 7 per cent as population doubles. 
Again, there is no evidence of an “income ef- 
fect” if we differentiate between developed 
and developing countries. 


Vv 


I have indicated that information pertain- 
ing to individual commodity categories cannot 
be used to demonstrate the existence of a 
“size effect” and an “income effect” in inter- 
national trade, and have also shown that 
equations incorporating per capita exports 
(imports) of manufactured goods as a depen- 
dent variable do not permit us to derive con- 
clusions concerning the pattern of interna- 
tional specialization. Introducing: alternative 
formulations of the problem, I have offered 
evidence on the existence of a size effect which 
creates disadvantages for small countries in 
the international trade of manufactured 
goods. Further statistical tests have been pro- 
vided to indicate that, within the manufactur- 
ing sector, small countries tend to have a com- 
parative advantage in semimanufactures and a 
disadvantage in finished manufactures. These 
findings support the thesis that small coun- 
tries are likely to gain the most from trade 


°In defining semimanufactures and finished manu- 
factures, I relied on the classification scheme sug- 
gested by UNCTAD [7]. 
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liberalization and regional integration, because 
their opportunities will tend to be equalized 
with those of large nations. 

Beta Batassa* 


* The author is professor of political economy at 
the Johns Hopkins University and consultant to the 
economics department at the World Bank. This note 
is based on research supported by the Bank; it 
should not be taken, however, to represent the Bank’s 
views. 
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COUNTRY SIZE AND TRADE 
PATTERNS: REPLY 


I would like to welcome and applaud Pro- 
fessor Balassa’s note. In all candor, after run- 
ning my regressions and leaving my research 
facilities behind, I became so concerned with 
the “fallacy of composition” problem relating 
to small-country specialization that, at one 
stage, I withdrew my article after it had been 
accepted. I was persuaded to publish it mainly 


on the grounds that it would stimulate useful 
research which, at the time, I could not do 
myself. Hence I am very pleased to see Balas- 
sa’s note; and all the more so, because it sat- 
isfies some of my own further curiosity on the 
subject. Let me add that the findings pre- 
sented by G. Hufbauer and by W. Gruber and 
R. Vernon, at a recent NBER conference [2], 
and by Chenery-and Taylor [1] also help to 
confirm the existence of important scale and 
country-size effects in trade. 

-Balassa’s research further underscores the 
existence of powerful country-size effects 
while adding to our knowledge of how and 
where they operate. His results in equations 
13 through 15, and the asymmetry of his ex- 
port and import findings, should help to dispel 
any suspicion that these effects are due simply 
to differences in natural resources per capita. 

There is another distinct dimension of his 
and my results. The strength in his export 
equations of the dummy variable for “devel- 
opment,” and the power of this dummy vari- 
able to reduce income effects below a signifi- 
cant level, together with my own similar find- 
ings, suggest that with “development,” coun- 
tries break through some sort of supply bar- 
rier against successful exports of manufac- 
tures. This aspect of trade and development 
certainly ia for further research. 

Donatp B. KEESING* 


* The author is associate professor of economics at 
Stanford University. 
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NATIONAL DEBT IN A NEO- 
CLASSICAL GROWTH MODEL: 
COMMENT 


I. Introduction 


In a recent paper in this journal, P. A. 
Diamond [1] examines the effects of a con- 
stant amount of national debt per head on 
the utility of a citizen. In his growing neo- 
classical economy with overlapping genera- 
tions, he shows that individuals living in the 
asymptotic steady state suffer a loss in util- 
ity due to the existence of a national debt if 
the asymptotic growth rate is less than the 
return to capital. In this comment we note 
that (1) there is a tax distribution scheme 
which can alleviate the burden of the govern- 
ment debt, (2) any additional burden created 
by an increase in the per capita debt can be 
nullified to a degree by an appropriate ad- 
justment in the tax distribution, and (3) a 
tax financing of a social security transfer (a 
guaranteed per capita income for the retired 
generation) is superior to debt financing. 


H. Diamond’s Model 


Diamond postulates a growing economy 

| with a single good and two factors of pro- 
duction. The production function is repre- 

sented by F(K:, L:) where K; and L; re- 
spectively represent the capital stock and 
labor used at time ¢. The production func- 

tion is assumed to be linear homogeneous 

and subject to a diminishing marginal physi- 

cal product for each factor. Homogeneity of 

F enables us to write the per capita produc- 

tion function as y;=f(k,), where k is the 

capital per head and f>0, f’>0 and f’’<0. 

The labor supply is assumed to grow ex- 

ogeneously at raten and the supply of capital 

in ‘period ¢ consists of that part of output in 

the previous period not consumed, i.e., sav- 

ing: Assuming the factors received their 

marginal products, we may write the factor 

price frontier as w,=¢(r:) where w: is the 

wage rate and r; is the return to capital per 

unit; The frontier has the property that 

o (r) =— ka Each individual born at the 

beginning of period ¢ lives for exactly two 

periods. Let er and ez be the consumption of 

each a them in the two periods respectively. 


\ 


| 


Diamond assumes that each such individual 
works only for the first period and is retired 
for the second. It is assumed that each in- 
dividual maximizes a utility function 
U (ern er) subject to the condition that the 
capitalized value of his consumption stream 
is equal to his wage, i.e., 
Cat 


tu + 


= We 





1 Tey 


In addition, the function U is assumed to be 
twice differentiable, lacks satiation, has a 
diminishing marginal rate of substitution, 
and its shape is such as to imply that 
0< (ðe/ðw:) <1. The saving of each indi- 
vidual during his working life is s, which is 
equal to é:(1+7,41), and this constitutes his 
contribution to the supply of capital for the 
next period in which he is retired. The de- 
mand for capital at the beginning of period 
t+1 is given by the marginal physical pro- 
duct schedule of capital for that period. 
Hence the inverse of the demand function is 
written as fe1=f (kui), where f is the 
marginal product of capital. The entire sys- 
tem of equations describing this growing 
economy may be written as: 


(2.1) ere = €1(We, Tua), 

(2.2) Si = S(Wy Ted, 

(2.3) es = (1 + rus (Ws rea), 

(2.4) ere + s(we Tui) = Wy 

(2.5) w= ¢(r), where ¢'(r:) = — ks 
(2.6) rer =f’ (Rea) and 

(2.7) si/(1 + n) = Regs. 


We thus have seven equations to deter- 
mine the endogeneous variables ri, 141, Wi 
St, Cit ge, and kepi in terms of the exogeneous 
growth rate, n. The first three equations indi- 
cate how each individual allocates his wage 
by maximizing U subject to condition (2.4). 
Equation (2.5) is the factor price frontier de- 
rived from the production function on the 
assumption that each factor is paid its mar- 
ginal product. Equation (2.6) and (2.2) 
represent the demand and supply of capital 
respectively. Equation (2.7) is an equilibrium 
condition in the capital market. The variable 
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s: is divided by (1-++#) in (2.7) because the 
total saving in period ż divided by La is the 
capital per head available for production in 
period #+-1. 

Using equations (2.2), (2.5), (2.6), and 
(2.7), Diamond obtains a first order non- 
linear difference equation in r, given by, 


Confining attention to the case where the 
capital market is Walrasian stable for any 
given w, consideration of the capital market 
in isolation implies that, 


f" (ds/dw:) 
ttn—f"(ds/ruy) 
The stability of (2.8) requires that, 


(2.10) 0 < (driyi/dr:) 
= — f" (ds/dw,) ky 
~ 14n — f" (ðs/ðru) ~ 


the left-hand side of this inequality coming 
from (2.9) and (2.5). Assuming (2.10) holds, 
the system reaches a steady state asymptot- 
ically at the growth rate, n. Letting the 
equilibrium interest rate be r, “efficiency” of 
the steady state path requires that r&n. 
(See [2], [3].) The steady state path with 
r=n is known as the golden rule path which 
maximizes the consumption per head among 
all steady state paths. (See [2], [3].) 


IO. Debt and Debi-Induced Taxes 


Diamond introduces an outstanding 
government debt into the model by assum- 
ing that the government may borrow goods 
during period ¢ by either entering the capital 
market or by borrowing abroad. The former 
debt is called internal and the latter debt is 
called external. Denote the total amount 
that the government borrows in period ? 
by Gamı and assume that this debt will be 
repaid with interest at the rate of rı during 
period ¢-+-1. To describe an asymptotic state 
in which there exists a positive finite amount 
of debt per head, assume that Gii/Lii=g, 


(2.9) (drig1/dw,) = 


a constant. The amount the government ex- 
pends in period ¢ in excess of the amount 
borrowed is then 


(3.1) (1 + T)Gi = (1 + Ge = (ri = n)Gi 


If this is positive, it must be collected as a 
tax that is imposed on currently living citi- 

zens. If this is negative, the government may 
dispose of it as a subsidy to its living citizens. 

If the debt is an internal debt, the debt is 
nothing more than a device which can be 
used to redistribute income between the 
working and retired generations. The tax 
burden or subsidy required to service the 
debt can be imposed on the entire popula- 
tion in any desirable manner the govern- 

ment chooses, we suppose. Assume that dur- 

ing period # the government collects the 
amount (1—8)(r,—n)G; from the younger gen- 

eration and collects the amount b(r;—n)G, 
from the older generation, where 0SbS1.- 
Assume further that the younger genera- 

tion at time ż anticipates that it will be re- 

quired to pay a tax one period later of the 

amount b(ri41—2)(1-+)G;. In anticipation 
of the future taxes, the younger generation 
now saves an amount b(r41—n)(1+n)G, 
/(i-+ri1) as a tax provision. After paying 
current taxes and providing for anticipated 

taxes, the net wage of each member of the 
working generation during period t may then 
be written as, 


(3.2) wk = w, — (1 — b)(r, — n)g — s*, 
where 
(3.3) së = brui — n) (1 + m)g/(1 + rena). 


Substituting w:* for w; in equations (2.1) 
through (2.4), retaining equations (2.5) and 
(2.6), replacing (2.7) by a new equilibrium 
condition for the capital market, 


(2.7) (e+ s#)/ +”) = kii + hg, 


where h=1 if the debt is internal and h=0 if 
it is external, and adding (3.2) and (3.3), we 
have nine equations that describe the new 
system. Diamond analyzes only the case in 
which b=0. 

With these new features added, the stabil- 
ity condition for the new system becomes (3.4). 
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(3.4) 0 < (drus/dr)) = 


— f” (8s/dw*) (hi + 








a — b)g) 





1+ n—f"(s/dres) — {1 — (0s/aw.*) f e (1 + n/A + paar 





Assuming that the system as now speci- 
fied is stable, consider the changes in utility 
of an individual living in the long-run steady 
state that stem from exogeneous changes in 
b and g. Letting the long-run equilibrium 
value of r; be represented by r, the equation 
for the return to capital in the steady state is 
represented by, 


s+ s* 
r -/(—=- is), where 


(3.6) s(w*, r) = s{[$(r) — (1 — b) 
-(r—n)g—s*],r}, and 
(3.7) st = b(r—n)\(1+ne/A +r). 


Taking the total derivative of r with re- 
spect to b, we find that 


ees) 


at ee) pa 
Ee ly g, where 


(3.9) s = (1+ n) + (s/aw*)[k+ (1 —d)g]f” 
— (as/ar)f" — b[1 — (8s/aw*) |ef” 
[A+ a/a Hr). 


In view of (3.4), z>0. It follows immedi- 
ately that 


(3.5) 


(3.8) (dr/db) 





< 
(3.10) (dr/db) x 0 


i > 
according as r = n. 
< 


Taking the total derivative of U with re- 
spect to b and utilizing the first order condi- 
tion for the individual’s equilibrium that 
(3U /de:) =(1-+1r)(@U/des), we obtain 
(3.11) (dU /db) = (0U /ðe1){ (dex/db) 

+ (1 + r) (des/db)}. 


The consumption of each individual in his 
last period may be written as 


(3.12) = (1 + r)(w* — e). 





Taking the total derivative of ez and re- 
arranging the result, 


(3.13) (de,/db) + (1 + r)“!(de2/dd) 
= (dw*/db) 
+ [(w* — e)/(1 + r)](dr/db). 


After calculating the derivative dw*/db, we 
may substitute (3.13) into (3.11) to obtain, 
(3.14) (dU /db) = 
(r — n) 
— (AU /de1) | k 


1+r 





+ (1— b)g+ g(b— h) 





n 


mie 
í dey Ltr = 


It is easy to see from the above that dU/db 
=0 when r=n, and that dU/db>0 whenever 
r>n. In inefficient cases where r<n, the sign 
of dU /db is ambiguous. Summarizing, 
THEOREM J: Let r(b, g) and U(}, g) be the 
long-run equilibrium interest rate and the 
level of utility corresponding to the param- 
eters b and g, where 0 £b S1 and 0<g< œ. 
The utility of an individual living in the long 
run will be increased by imposing a heavier 
tax burden on the older generation whenever 
r(b, g)>n. In particular, if r(1, g)>n, the 
entire tax burden should be imposed on the 
older generation if we are to maximize the 
utility of an individual living in the long run 
steady state while holding g constant. 
Analogously, the change in r with respect 


to g is, 
-[e-n{a -35 


£ 
fe (1- -=) — + AGA + nf. 





(3.15) 
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For the internal debt, where 4=1, (3.15) 
may be written as 


(3.15’) S= —{(+tn)b+(1—-d)(t+n} 
da +r) ad 
ðw* 


+ (1-=)a+m} 


J” 
(G +r)z 


so that unambiguously, dr/dg>0, assuming 
0SdbS1. When 4=0, 


dr ðs 
8.15”) =a -5) 
dg 


, 1 — b)(ds/dw*) 

(1 — (as/aw*))b 

_ (1 + a (r — n) m 
i+r 


When r>n, 0s/dw*=b, then dr/dg>0 and 
when r<n, ðs/ðw* <b, then dr/dg<0. The 
sign of dr/dg is ambiguous when (r—n) and 
(ðs/ðw*) —b are of opposite sign. 

The change in utility with respect to g, 
when h=1, may be calculated as 


dU ðU (r —n) 

dg ~ aa (+7 
[{k + (1 — b)g} (dr/dg) 
+(+n)b+(1—a)(14+n], 


and, when k=0, as 





Z 








n ee ðU (r—n) 
Cy eee ae 
[4 —d)a4+r)+4+4%)] 
pE EENET (dr/dg) 


(r — n) 
1+7r 


In the case of an internal debt, dU/dg SO ac- 
cording as r&n; and when r<n, dU/dg>0. 





$ G-natn+a+ms |. 


We may state this result as 

THEOREM II: Assuming 0S0bS1, an in- 
dividual living in the long-run steady state, 
where r>n, suffers a loss in utility because of 
the existence of an outstanding internal 
government debt; but when the economy is 
on the golden rule path, r=n, there is no 
loss. 

Diamond derives Theorem II only for the 
special case in which 3=0, Theorem II also 
holds for an external debt when r>n and 
6s/dw* =b20, but this result may not hold 
when 6>0s/dw*. 

Inasmuch as an increase in g reduces wel- 
fare and an increase in 6 enhances welfare, 
we may expect that increases in 6 within the 
unit interval can be employed to offset the 
effect of a small increase in the internal debt 
when r>n. If changes in b and g are to be 
totally offsetting, we require that, 


(3.17) dU = (aU/dg)dg + (aU /0b)db = 0, 


where (0U/dg) and (dU/d0) are given by 
equations (3.14), (3.16) and (3.16’) and rep- 
resent the partial derivatives holding b and 
g respectively constant. Solving for db/dg, in 
the case of the internal debt, 


(L+n)b+ (1+ r)(1—8) 
(r — ng i 
where r > n. 


It can also be verified that along the locus of 
b and g for which (3.17) and (3.18) hold, the 
values of w* and r (and hence e and es) re- 
main constant. Summarizing, we have the 
following result. Let the initial long-run 
steady state position be denoted by r’, w*’ 
and U’ with its parameter values given by b’ 
and g’. Then the changes in b and g in ac- 
cordance with (3.18) will not only leave the 
utility unchanged but also the r’ and w*’, 
From (3.18) the locus of b and gin the param- 
eter space with this property can be rep- 
resented by 
b'g 


SI): Ea ae a 


where r’>n and 0S6S1. Hence we have the 
following theorem. 


(3.18) (db/dg) = 
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THEoreM III: Let b’ and g’ be the param- 
eter values corresponding to the initial 
equilibrium. Let 0S6’<1. Then the effect of 
a small increase in the per capita debt may 
be offset by an appropriate increase in b so 
as to nullify the additional burden created 
by an additional per capita debt. Such an 
offsetting parameter adjustment is repre- 
sented by (3.18) and (3.19). 


IV. Tax versus Loan Finance; a Guaranteed 
Social Security Paymeni 


The trend in the advanced western coun- 
tries is toward a minimum guaranteed retire- 
ment income to each member of the retired 
generation. Within the context of the model 
we may analyze the long-run differential im- 
pact of loan versus tax finance of such a social 
security transfer. 

Suppose that the government raises the re- 
quired fund either by borrowing in the 
capital market and/or by taxing the younger 
working generation during period ¢ and trans- 
fers the proceeds to the older generation of 
period #. We shall show that tax financing is 
unambiguously superior to debt financing in 
performing such a transfer. 

Let T, be the amount of tax imposed on 
the younger generation in period t. Let Gs be 
the amount of internally borrowed goods in 
period ż. Letting 7 be the guaranteed mini- 
mum retired income per member of the older 
generation, the total transfer required in 
period tis rZ,_1. Hence we must have, 

(4.1) T: + Gi = TLy-1.- 
Then the tax per head of the younger genera- 
tion can be written as 


ž 
Pin 


where g:=(G,/L,). From (4.2) we see that 
m: and g; are clearly substitutable parameters 
for any given r. The total transfer that the 
older generation receives may be divided into 
two parts: 


(4.3) TL = V: + (1 + t)Gmi, 





(4.2) Ft — Ern 


where V; is the amount in excess of the debt 
payment, (i+r,)G:1, so as to make the 
total transfer received per member of the 
older generation equal to the guaranteed r. 
Hence each oldster’s additional transfer 
receipt in excess of the receipt from debt 


payment is, 
(4.4) (VaL) = 7 gall + ra. 


In view of the specification given above, 
the net wage constraint for a member of the 
younger generation is now, 


Fei 
4.5 =w — — 
( ) wi Ww; Le A er 
T(r — n) 


= W; 


. (1 + ral + n) l 


The capital market equilibrium in period ¢ 
is now expressed as, 


slwř, faa) } 
eee Be é 


(4.6) ras} rare 


The stability condition for the system speci- 
fied becomes, (4.7). 





—f'"' (ds/dwF)R: 





(4.7) 0 < (dry:/dr:) = 


dr d 


1 
1 +n — f" (8s/ðra) +f" (0s/dwk)r (1 + ra)’ < 


f" (i + n) 





(4.8) 


de t+n+f"{k-+ r0 + 1) (s/ow*) — f"(as/ar) 
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Assuming (4.7) holds, from (4.6) the asymp- 
totic interest rate is now represented by, 


(4.6’) r -p2 — s} ` 


Taking the total derivative of r with respect 
to g in (4.6’), we obtain (4.8) which is posi- 
tive from (4.7) 

Noticing that m and g are substitutable 
parameters for any given 7, as in (4.2), the 
substitution of debt financing for tax-financ- 
ing increases the long-run interest rate. The 
corresponding change in the long-run utility 
becomes, 


(4.9) (dU/dg) 
= (9U/de1) (dr/dg)(1 +) 
{k(n r) + gl tn) ~ +r}. 


Assuming that the guaranteed minimum re- 
tirement income is larger than the amount 
the older generation receives from the debt 
holding (the amount of transfer in the ab- 
sence of social security system), we have 
from (4.4), 


z 
maran 1 ; 
fag & +n) 


(4.10) 
Therefore in the efficient steady state where 
rn, dU/dg is always negative. Hence debt 
financing of social security transfers is in- 
ferior to tax financing in efficient cases. 
G. O. Brerwac, M. A. GROVE, 
AND CHULSOON KHANG* 


*The authors are members of the Department of 
Economics, University of Oregon. 
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MIXED PUBLIC AND PRIVATE 
FINANCING OF EDUCATION: 
COMMENT 


In a recent article, Mark V. Pauly deals 
with mixed public and private financing of 
education [4]. The need for mixed financing 
arises because education creates both pri- 
vate and public benefits. It is Pauly’s aim to 
discover a solution to the financing problem 
which allows a community to achieve the 
socially desirable level of educational output. 

In this note, it will be argued that Pauly’s 
conceptual treatment of education should 
be generalized. Pauly does not separate 
public from private output; he sees educa- 
tion as a good which yields utility to the 
person receiving instruction while entering 
at the same time into the utility functions of 
all other members in the community. The 
alternate formulation suggested in this note 
treats educational output as consisting of 
two components, a public and a private one, 
which are produced under conditions of 
joint supply and which enter separately into 
people’s utility functions. As a result, we 
find that an efficient solution to the financing 
problem requires the achievement not only of 
the optimal level but also of the optimal mix 
of educational output. 


I. Education as a Case of Joint Supply 


Many authors have drawn attention to 
the dual nature of educational output. While 
the educational process yields important 
benefits which are enjoyed exclusively by the 
child attending school and by his family, it 
also creates benefits which accrue to other 
members in the community. A brief discus- 
sion will clarify the character of such external 
benefits. One type—that associated with gen- 
eral literacy—is often mentioned. Wide- 
spread literacy greatly facilitates the trans- 
action of community business and the com- 
munication of matters affecting the public 
interest. A second type of external benefit, 
even more fundamental to community life, 
is of an ideological nature. Education helps 
to transmit a common set of values and atti- 
tudes thus contributing to the creation of 
those preconditions which are necessary to 
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make a stable economic and social life possi- 
ble. 

Public and private benefits are the result 
of a joint production process. A child who 
learns to read and write is acquiring skills 
which have a private as well as a public use. 
It is important to realize that both types of 
public benefits are involved. The child is not 
only becoming a literate citizen, he is also 
acquiring a set of attitudes toward matters 
which affect the community. Books used in 
the teaching of reading and writing are not 
free of values and they are bound to affect 
the child’s outlook and his reactions to public 
issues in later life. This will be true to an 
even stronger degree for materials used in 
the teaching of other kinds of knowledge such 
as history, geography, and languages. 

Once we see public benefits in this broad 
perspective, it becomes clear that a given 
amount of economic resources can produce 
varying combinations of public and private 
output. In particular, the “ideological” con- 
tent of courses and books can be adjusted in 
a way which affects the resulting proportion 
of public and private benefits. On the other 
hand, the discussion also implies that sep- 
arate production is not possible. We are deal- 
‘ing with a case of joint supply, and Mar- 
shall’s well-known example—the production 
of meat and hides—illustrates the problem 
[3, pp. 388-91]. Like the breeder who cannot 
produce meat without hides and hides with- 
out meat, the educator cannot create purely 
private or purely public benefits. While 
books and courses stressing private skills con- 
tain elements affecting public output, courses 
which specialize in “‘civics,” i.e., citizenship 
education per se, lead to the acquisition of 
verbal and deductive skills which enhance 
private earning power. 


IL. Implications for Efficient Allocation 
and Financing 


We now extend Pauly’s model to allow for 
joint supply. Let us assume that we are deal- 


1The analogy with Marshall’s example, while in- 
structive, is not complete. Meat and hides can be re- 
sold, but services such as education cannot be retraded. 
For a general treatment of externality and joint supply, 
see ui 


ing with a community of m families who have 
n-+1 private goods (including private educa- 
tional output) available to them. The utility 
function of the ith family may be written as 


(1) U' = U(X u, n Eg Xai Xai; 
Key tty Xp tt Xen): * 


It differs from the one used by Pauly in two 
respects. Xo; the private education of family 
i, enters as ap additional private good into 
the function, while the symbol X, now refers 
only to public benefits. It should be noted 
that family ¢ consumes X,;, the public out- 
put associated with its own education, in the 
same manner in which it consumes public 
output associated with the education of 
others. 

Any family’s education involves the joint 
supply of a public good, X,, and a private 
good, Xə. For Pareto optimality, the follow- 
ing conditions must hold for the public and 
private output of family j: 


(2) Seah 


(3) mfi = Fos/Fe 


where the terms on the lefthand side of the 
equalities represent ratios of marginal utili- 
ties while those on the right-hand side stand 
for ratios of marginal costs. The subscript r 
indicates a (private) numeraire good. 

It is important to note that our formula- 
tion implies the existence of a trade-off at the 
margin between private and public output. 
Dividing (2) by (3), we get an equality which 
makes the trade-off explicit: 


(4) (= a \ai/ = Pys/ Pop 


What are the implications for the financ- 
ing problem? This question can best be dealt 
with by examining the operation of a general 
subsidy program. Let us assume that we 
have a situation in which preferences are re- 
vealed or that we have some mechanism for 
determining a public subsidy which covers 


' public benefits. Each family receives the 


“correct” subsidy payment from the com- 
munity. The subsidy must be spent on edu- 
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cation but each family remains free to choose 
its own private school. The private educa- 
tional sector is competitive. 
Under the circumstances outlined, the 
family which maximizes utility will allocate 
_its expenditure on education, including the 
. subsidy, on the basis of its private rate of 
substitution. Rewriting (4) we have: 


O (È uut whale) hil = Pal F 
ii 

Since the valuation which other members in 
the community put on X,; does not enter 
into the family’s utility function, only the 
right-hand term in the bracket is relevant 
to its decisions. The family will therefore 
substitute private for public education and 
buy less public education than is socially de- 
sirable. It makes this adjustment by choos- 
ing a private school offering the product mix 
which it desires. 

It may be objected that a less general sub- 
sidy, one carefully designed to support only 
certain types of education, can be used as a 
policy instrument to achieve the proper mix 
of private and public benefits. While such an 
argument is theoretically correct, the prac- 
tical difficulties involved should not be over- 
looked. We have pointed out that the content 
of books, other teaching materials, and 
courses as well as the course mix can be ad- 
justed to yield different proportions of pub- 
lic and private output. This suggests an 
optimal grant structure of considerable 
complexity. Because of the problems and 
costs which must attend implementation of 
any such scheme, a public school system 
may offer a better solution for attaining the 


1 The best-known proposal for public subsidies along 
this line is the one put forward by Milton Friedman 
[2, pp. 85-107]. 

3 The primary difficulty arises from what we have 
called the “ideological” nature of public benefits. Since 
adjustment of the ideological content is necessary, we 
need rather far-reaching control over the curriculum. 
Economists have at times wondered why public schools 
are an almost universal phenomenon in today’s world 
and why private but subsidized alternatives are rarely 
contemplated even in countries which rely heavily on 
private enterprise. One important answer would seem 
to lie in the difficulty of adjusting ideological content in 
a system of private schools 


optimal mix than a privately operated one 
which is partially supported by the com- 
munity. 

In conclusion we may note that the prob- 
lem of product mix disappears if public and 
private educational output is produced in 
fixed proportions. In that case, any subsidy 
to private education will raise public educa- 
tion without substitution between the two. 
While the assumption of fixed proportions 
simplifies the analysis, it is not in accordance 
with the observed nature of the educational 
process. Future work on the financing of 
education should take the trade-off between 
public and private benefits into account. 

WALTER HETTICH* 


* The author is assistant professor of Economics at 
Queen’s University in Kingston and research associate 
at the Canada Council in Ottawa, Canada. He would 
like to thank his colleagues, Neil Swan and Dan 
Usher, of Queen’s University, and the referee for their 
comments on an earlier draft. 
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MIXED PUBLIC AND PRIVATE 
` FINANCING OF EDUCATION: | 
REPLY 


The major point of Mr., Hettich’s comment 
is fundamentally correct. If my model is ex- 
tended to permit variability in the educational 
mix, then this variability needs to be consid- 
ered in defining optimal provision of educa- 
tion. Global optimality requires provision of | 
the optimal quantity of the public good, opti- 
mally mixed. For public policy purposes, how- 
ever, the import of Hettich’s analysis may be 


COMMUNICATIONS 213 


less than he implies. This is so for at least two 
reasons: 

1. It may be that the “community-ori- 
ented” content of courses of study which 
would be chosen by parents would not be 
smaller than the optimal community-oriented 
content of such courses. The amount of “com- 
mon values needed to make stable economic 
and social life possible” which is contained in 
private-school courses in history or geography 
does not appear to be appreciably less than 
that in similar courses in public schools. Gen- 
eral literacy-oriented courses, on the other 
hand, do not appear to be susceptible to much 
variation in mix; there are not distinct public 
and private language. In short, even when 
variability is possible, Hettich’s equation (5) 
will be unsatisfied by private educational deci- 
sions only if there are marginal external bene- 
fits arising from an increase in the communi- 
ty-oriented component of the educational mix. 
This may not be the case. 

2, Even if there are marginal benefits from 
altering the privately chosen mix, this may 
only mean, as Hettich notes, that a subsidy 


for specific types of schooling would be. 


needed for optimality. Hettich cities “practical 
difficulties” as an objection to this. But such 
administrative costs are problems of second- 
best optimizing, and they are something which 


no one knows anything about. It seems fool- 
hardy to attempt any generalizations. 

An alternative to specific subsidy schemes, 
and an alternative which is currently em- 
ployed in most countries which have subsi- 
dized or unsubsidized private schools, is regu- 
lation of the educational mix. Optimality 
would only require that the courses or the 
content of courses, or the qualifications or ed- 
ucation of teachers, be specified. Indeed, in 
many states, the curricula and syllabi of many 
courses are specified for both public and pri- 
vate schools. 

In any case optimality in the provision of 
education (or of any public good) raises prob- 
lems which are conceptually separate from 
those concerned with the manner of produc- 
tion of the good. It is possible to have public 
provision without public production, public 
production without public provision, or a com- 
bination of both. There may be reasons for 
the socialization of the production of some 
kinds of education for some persons within a 
public school system, but the possible exis- 
tence of externalities arising from variability 
in the educational mix is not one of them. 

Marx V. Pauty* 


* The author is assistant professor of economics, 
Northwestern University. 


NOTES 


New Quarterly Journal 


Public Policy, previously published as an 
annual by the John Fitzgerald Kennedy 
School of Government at Harvard University, 
will be issued quarterly as of Fall, 1969. The 
shift in time will permit the publication of 
professional discussions on public policy issues 
as they occur. The journal is soliciting a wide 
range of articles and will attempt to review 
articles quickly. : 

Editorial communications should be sent to 
The Editors, PUBLIC POLICY, Littauer 
Center 222, Harvard University, Cambridge, 
Massachusetts 02138. 


Announcements 


The Journal of Economic Theory will 
publish original articles on economic theory 
and related mathematical techniques, The 
Journal will be published quarterly commenc- 
ing in the early part of 1969. The editor is 
Professor Karl Shell, Department of Econom- 
ics, University of Pennsylvania, Philadelphia, 
Pennsylvania 19104. The Journal is published 
by Academic Press, Incorporated, 111 Fifth 
Avenue, New York, New York 10003. 


The Economics Institute is sponsored by the 
American Economic Association for foreign 
students of economics and agricultural eco- 
nomics beginning graduate work in the United 
States. 

12th session to be held from June 
18-August 20, 1969 at the University of Col- 
orado. Information and application forms may 
be obtained from the Director of the Econom- 
ics Institute, University of Colorado, Boulder, 
Colorado 80302. 


The National Gaming Council, 1717 Mas- 
sachusetts Ave., N.W., will be publishing a 
quarterly newsletter devoted to news about 
gaming (model building) dealing with tech- 
niques, new models, etc. The newsletter 
would like to hear from Economists who are 
working in this field and who would like to 
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use the newsletter as a means of communicat- 
ing with others in the field about their work. 
Announcements about meetings, and plays 
will also be accepted. Please send information 
to: Peter House, Editor, The National Gam- 
ing Council Newsletter, Urban Systems Simu- 
lations, 1717 Massachusetts Ave. N.W. 
Washington, D.C. 20036. 


The International Society for the His- 
tory of the Behavioral and Social Sciences 
(ISHOBSS) will hold a meeting May 9, 10, 
and 11, 1969 at Princeton University. For in- 
formation about submission of papers and/or 
attendance, please contact Professor Julian 
Jaynes, Department of Psychology, Princeton 
University, Princeton, New Jersey 08540. 


The Survey Research Center of The Uni- 
versity of Michigan will hold a Summer Insti- 
tute in Survey Research Techniques for the 
twenty-second consecutive year. 

The Institute is designed to meet some of 
the educational and training needs of men and 
women engaged in business and governmental ` 
research and other statistical work, and grad- 
uate students and university instructors inter- 
ested in quantitative research in the social sci- 
ences. 

The 1969 Institute will be presented in two 
four-week sessions, the first from June 30 to 
July 25 and the second from July 28 to Au- 
gust 22. These two sessions may be taken in- 
dependently or successively. 

For further information please write to the 
Executive Secretary to the Director, Survey 
Research Center, The University of Michigan, 
P.O. Box 1248, Ann Arbor, Michigan 48106. 


Deaths 


Oscar L. Altman, treasurer of the Interna- 
tional Monetary Fund, December 23, 1968. 

Aaron Hamilton Chute, professor emeritus 
of the department of marketing administra- 
tion, The University of Texas, August 19, 
1968. 
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Gerhard Colm, Chevy Chase, Maryland, 
December 25, 1968. 

George W. Eckelberry, professor emeritus, 
accounting, The Ohio State University, Octo- 
ber 30, 1968. 

Clarence E. McNeill, professor emeritus, 
University of Nebraska, January 3, 1969. 

Orville K. Thompson, July 23, 1968. 


Retirements 


Burton R. Morley, professor of manage- 
ment, School of Commerce and Business Ad- 
ministration, University of Alabama, August 
1968. 

John Arch White, professor of accounting, 
The University of Texas, May 31, 1968. 


Visiting Foreign Scholars 

Dimitrije Dimitrijevic, director, National 
Bank of Yugoslavia: visiting professor of eco- 
nomics, Florida State University, fall 1969. 

Etienne Kirschen, University of Brussels: 
visiting professor of economics, Drew Univer- 
sity program on the European economic com- 
munity, Drew University. 

Suk Hyun Lim: College of Business lec- 
turer in management, School of Commerce 
and Business Administration, University of 
Alabama, 1968-69. 

Jean Noiret, Nederlands Opleidings Insti- 
tuut voor het Buitenland (NOIB), Breukelen, 
The Netherlands: European exchange profes- 
sor, University of Oregon, College of Business 
Administration, 1968-69. 

Edward Sieper, Massey University, New 
Zealand: visiting associate professor of eco- 
nomics, University of Rochester, 1968-69. 

Keith Sloane, senior lecturer, School of 
General Studies, The Australian National 
University, Canberra: lecturer in economics, 
department of economics, The University of 
Texas, spring 1969, 

Francisco A. Trevino, Monterey Institute 
of Technology, Mexico: visiting assistant pro- 
fessor of economics, University of Arizona, 
1968-69. 

John Wadsworth, chief economist, Midland 
Bank, London, England: visiting professor of 
banking, University of Georgia, spring 1969. 


Promotions 

Charles I. Bartfeld: associate professor, 
management sciences; and director ADPS 
program, School of Business Administration, 
The American University, 1968-69. 

Carl E. Basham: professor of business ad- 
ministration, West Liberty State College. 

Richard A. Bilas: professor of economics, 
Georgia State College, 1968-69. 

Walter P. Blass: director, Revenue Re- 
quirements Studies, New York Telephone 
Company, December, 1968. 

Harold L. Buma, Bank of America: man- 
ager, economics department, Wells Fargo 
Bank, San Francisco, California. 

Fawzi G. Dimian: assistant professor, 
department of economics and commerce, 
Simon Fraser University. 

Fred R. Glahe: associate professor of eco- 
nomics, University of Colorado. 

Robert F. Godfrey: associate professor 
of accounting, West Liberty State College. 

Loyal M. Hartman: professor of economics, 
Colorado State University. 

Craig G. Johnson: assistant professor, Co- 
lumbia University Graduate School of Busi- 
ness, Fall 1968. 

Joseph H. Levine: assistant professor, 
Business Law, School of Business Administra- 
tion, The American University, 1968-69. 

James H. Lewis: professor of economics, 
Colorado State University. 

Albert G. Madsen: associate professor of 
economics, Colorado State University. 

John C. McManus: special lecturer in eco- 
nomics, University of Toronto. 

J. Robert Moore: assistant professor of 
economics, Millersville State College. 

Raghu Nath: associate professor of busi- 
ness administration, University of Pittsburgh. 

David M. Nowlan: associate professor, 
University of Toronto. 

Martin Pfaff: associate professor and direc- 
tor, Master of Business Administration Pro- 
gram, School of Business Administration, ‘The 
American University, 1968-69. 

Frederick B. Putney: assistant professor, 
Columbia University Graduate School of 
Business, fall 1968. 

Allen B. Rosenberg: associate professor of 
economics, West Liberty State College. 
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Melvin D. Skold: associate professor of eco- 
nomics, Colorado State University. 

Michael H. Spiro: associate professor of 
business administration and economics, Uni- 
versity of Pittsburgh. 

Beryl W. Sprinkel: senior vice president 
and economist, Harris Trust and Savings 
Bank. 

Bernard Udis: professor of economics, Uni- 
versity of Colorado. 

Milton D. Vaughn: associate professor of 
economics, Colorado State University. 

Porter K. Wheeler: assistant professor of 
economics, Wesleyan University, January 
1968. 

Thomas A. Wilson: professor of economics, 
University of Toronto. 

Ronald A. Wykstra: associate professor of 
economics, Colorado State University. 


Administrative Appointments 


Forrest C. Blodgett: chairman, department 
of economics, Linfield College. 

Floyd S. Brandt: chairman, department of 
management, The University of Texas. 

Robert K. Brown: associate dean, graduate 
school of business, University of Pittsburgh. 

Harold K. Charlesworth: : associate dean for 
extension, College of Business and Economics, 
and director, Office of Development Services 
and Business Research, University of Ken- 
tucky. 

Donald Cole: director, Semester on the Eu- 
ropean Economic Community, Drew Univer- 
sity. 

Jon Cunnyngham: chairman, department 
of economics, The Ohio State University. 

Max E. Fletcher: chairman, department of 
economics, College of Business Administra- 
tion, University of Idaho. 

Raymond R. Gamby: professor and head 
of department of business administration, In- 
stitute of Administration, Ahmadu Bello Uni- 
versity, Zaria, Nigeria, October 1968. 

Robert E. Georges: assistant dean and di- 
rector of Undergraduate Business Administra- 
tion Programs, The Ohio State University. 

Karl D. Gregory, Wayne State University: 
assistant to the Chancellor for Urban Affairs 
and associate professor of economics, Office of 


the Chancellor, Oakland 
1968-69. 

M. Khalil Hamid: chairman, department of 
economics, Millersville State College. 

Donald R. Herzog: professor of business 
and coordinator of graduate programs in busi- 
ness, Chico State College, September 1968. 

Franklyn D. Holzman: chairman, depart- 
ment of economics, Tufts University. 

Gaylord A. Jentz: chairman, department of 
general business, The University of Texas, 
September 1968, 

James R. Kay: chairman, department of 
finance, The University of Texas, July 1968. 

Jack Nall: director, management program 
for executives, Graduate School of Business, 
University of Pittsburgh. 

Walter J. Primeauz, Jr.: professor of busi- 
ness economics and head of department of 
business administration, McNeese State Col- 
lege, September 1968. 

Allen M. Sievers: chairman, department of 
economics, College of Letters and Science, 
University of Utah. 

Edward K. Smith, deputy assistant secre- 
tary of commerce: chairman, department of 
economics, Colorado State University. 

W. Tate Whitman: chairman, department 
of economics, Emory University. 

James G. Yoho, Duke University: head, 
department of forestry, Mississippi State Uni- 
versity. 

H. J. Zoffer, dean, Graduate School of Busi- 
ness, University of Pittsburgh. 


University, 


New Appoiniments 


Robert C. Anderson: assistant professor, 
Tufts University, 1968-69. 

Willis E. Anthony, Marketing Economics 
Division, USDA: assistant professor and ex- 
tension economist marketing, Agricultural 
Economics and Extension Service, University of 
Minnesota, fall 1968. 

Robert D. Auerbach: instructor, University 
of Tlinois. 

Richard C. Barth: assistant professor of eco- 
nomics, Colorado State University. 

Gary Becker, Columbia University: Ford 
Foundation visiting professor, University of 
Chicago. i 
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Huntley H. Biggs: temporary assistant pro- 
fessor of economics, Colorado State University. 

Richard M. Bird, Harvard University: as- 
sociate professor, department of political econ- 
omy, University of Toronto. 

Donald T. Bisesti: economist, New York 
State Department of Commerce, division of 
Economic Research and Statistics, Albany, 
New York. 

William A. Brodk, University of California 
Operations Research Center: assistant profes- 
sor of economics, University of Rochester, 
September 1968, 

Kirk L. Burns, management consultant: as- 
sociate professor, School of Business Adminis- 
tration, The American University, 1968-69. 

Miltiades Chacholiades: associate professor 
of economics, Georgia State College, 
1968-69, 

Juei Ming Cheng: assistant professor of 
economics, Georgia State College, 1968-69. 

Richard B. Clemmer: assistant professor of 
economics, Georgia State College, 1968-69. 

Gail C. A. Cook, Wayne State University: 
assistant professor, University of Toronto. 

Gilbert L. Crouse, Purdue University: lec- 
turer in economics, State University of New 
York. 

Robert L. Darcy: professor of economics, 
Colorado State University. 

Frank de Leeuw: staff member, the Urban 
Institute. 

Forest J. Denman: instructor in economics, 
Georgia State College, 1968-69. 

William C. Dulin: associate professor and 
director, Business Management, School of 
Business Administration, The American Uni- 
versity, 1968-69. 

Liang-Shing Fan: associate professor of 
economics, Colorado State University. 

Rashi Fein, Brookings Institution: profes- 
sor of economics of medicine, Harvard Medi- 
cal School and John Fitzgerald Kennedy 
School of Government, Harvard University, 
1968-69. 

Victor R. Fuchs: professor of economics, 
Graduate Center, Mount Sinai School of Med- 
icine, City University of New York, 
1968-69. 

Frank W. Gill: visiting associate professor 


of accounting, 
1968-69, 

Melvin N. Greenball, University of Califor- 
nia: associate professor, accounting, The Ohio 
State University, 1968-69. 

Peter B. Griffin: instructor in economics, 
Whitman College. 

Irvin Grossack: associate professor, busi- 
ness economics and public policy, Graduate 
School of Business, Indiana University. 

Joan Haworth, University of Oregon: joint 
appointment as assistant professor of econom- 
ics and consultant to the Computing Center, 
Florida State University, winter 1969, 

William Kempey, New York University: 
instructor, Hofstra University. 

Howard P. Kitt, Columbia University: in- 
structor, Hofstra University. 

Gangadhar Kori, Southern Illinois Univer- 
sity: associate professor, Business Manage- 
ment, School of Business Administration, The 
American University, 1968-69. 

Mordechai E. Lando: economist, Center for 
Naval Analyses of the University of Roches- 
ter. 

Charles Richard Long: assistant professor 
of economics, Georgia State College, 
1968—69. 

Sven Lundstedt, Case Western Reserve 
University: associate professor, research, The 
Ohio State University, 1968—69. 

Robert A. Meier: visiting professor, depart- 
ment of accounting, School of Business Ad- 
ministration, San Diego State College, 
1968-69. 

James C. Miller III: assistant professor of 
economics, Georgia State College, 1968-69. 

John H. Munro, University of British Co- 
lumbia, Vancouver: associate professor, Uni- 
versity of Toronto. 

Alan P. Murray, chief economist, Joint 
Committee on Internal Revenue Taxation: se- 
nior economist, First National City Bank. 

Seiji Naya, National Bureau of Economic 
Research: associate professor of economics, 
University of Hawaii, spring 1969. 

Daniel H. Newlon: assistant professor of 
economics, State University of New York. 

Verne E. Odmark, San Diego State Uni- 


University of Oregon, 
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versity: visiting professor, accounting, The 
Ohio State University. 

Edgar O. Olsen: economics department, 
Rand Corporation, January 1969. 

Mancur L. Olson, Jr.: associate professor, 
department of economics, University of Mary- 
land. February 1969. 

Terutomo Ozawa: assistant professor of 
economics, Colorado State University. 

Robert Perloff: professor of business ad- 
ministration, University of Pittsburgh, July 
1969. 

E. Grosvenor Plowman, University of 
Maine: visiting professor in transportation 
and business logistics, The Ohio State Univer- 
sity, January-April, 1969. 

Rolando E. Polli: assistant professor of 
business administration, University of Pitts- 
burgh. 

Ronald L. Racster, University of Southern 
California: assistant professor, finance, The 
Ohio State University, 1968-69. 

Kenneth J. Rea, University of Saskatche- 
wan: associate professor, University of To- 
ronto. 

Larry P. Ritzman, Michigan State Univer- 
sity: assistant professor, management sciences, 
The Ohio State University, 1968-69, 

Kenn Rogers, City College: professor, 
Business Administration, The American Uni- 
versity, 1968-69. 

Robert W. Rosen: visiting professor, de- 
partment of management, School of Business 
Administration, San Diego State College, Sep- 
tember 1968. 

Mahmoud Sakbani: instructor, Tate Uni- 
versity of New York. 

Theodore P. Scheinman: instructor, West 
Liberty State College, 1968-69. 

Robert E. Schlenk: supervisor of Socio- 
economic Research, State of Michigan, de- 
partment of Social Services. 

Michael E. Scorgie: visiting lecturer, ac- 
counting, The Ohio State University. 

Lawrence Senesh: professor of economics, 
University of Colorado, 1968-69. 

Jay Siegel, Stanford University: assistant 
professor, University of Toronto. 

Stephen D. Slingsby: assistant professor 
public administration, The Ohio State Univer- 
sity. 


Edward K. Smith: professor of economics, 
Colorado State University. 

Manuel Smith: assistant professor of eco- 
nomic development for the Division of Man- 
Environment Relations, The Pennsylvania 
State University. 

Vernon L. Smith: professor of economics, 
University of Massachusetts. 

David J. Smyth: professor of economics, 
State University of New York at Buffalo. 

Donald M. Sorensen: extension assistant 
professor of economics, Colorado State Uni- 
versity. 

Zane A. Spindler, Simon-Fraser University: 
economics department, Michigan State Univer- 
sity. 

G. Fred Starner: instructor of economics, 
Drew University. 

Houston Stokes: assistant professor, Uni- 
versity of Tlinois. 

V. B. Subramanian: instructor in economics 
and accounting, Eastern College. 

Philip B. Teets: assistant professor, Uni- 
versity of Illinois. 

Simén Teitel, United Nations, Industrial 
Development Organization: advisor, office of 
the program advisor, Inter-American Develop- 
ment Bank. 

Herbert M. Thompson, Jr.: assistant pro- 
fessor of economic research, University of 
Alaska, 1968-69. 

Eric J. Toder: assistant professor, Tufts 
University, 1968-69. 

David L. Vinje: instructor in economics, 
Whitman College, 1968-69. 

Carole A. Walker: instructor in business 
administration, University of Pittsburgh. 

Richard G. Walsh: professor of economics, 
Colorado State University. 

Barbara Ward: professor of international 
economic development, Columbia University 
Graduate School of Business, fall 1968. - 

Leonard Waverman, Massachusetts Insti- 
tute of Technology: assistant professor, Uni- 
versity of Toronto. 

Robert E. Whedbee: faculty affiliate, de- 
partment of economics, Colorado State Uni- 
versity. 

Joseph Yaney: assistant professor, manage- 
ment sciences, The Ohio State University. 

Dieter K. Zschock: acting director, eco- 
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nomic research bureau, State University of 
New York. 


Leaves for Special Appointments 


Leslie P. Anderson, University of Oregon: 
visiting professor, Harvard University, 
1968-69. 

Michael E. Borus, Michigan State Univer- 
sity: economic Policy Fellow, The Brookings 
Institution and U.S. Department of Labor. 

Norris C. Clement, San Diego State Col- 
lege:: Fulbright visiting assistant professor, 
Universidad Agraria Del Norte-Lambayeque, 
Peru; Unversidad Nacional de Trujillo, Peru. 

Paul Fisher, chief, International Staff, So- 
cial Security Administration: senior research 
economist, International Labor office, Geneva, 
Switzerland. 

Marshall Geer III, University of Colorado: 
visiting assistant professor, Universidad Au- 
tonoma de Guadalajara, Mexico, 1968-69. 

James P. Houck, Jr., University of Minne- 
sota: visiting associate professor of economics, 
Agricultural and Technical State University of 
North Carolina, spring 1968. 

H. Michael Mann, Boston College: special 
economic advisor to the Assistant Attorney 
General in charge of antitrust, Department of 
Justice, Washington, D.C. 

Minnie C. Miles, School of Commerce and 
Business Administration, University of Ala- 
bama: visiting professor of management, 
Pusan National University, spring 1969. 

Thomas G. Moore, Michigan State Univer- 
sity: senior staff economist, Council. of Eco- 
nomic Advisers, Washington, D.C. 

Bertram Silverman, Hofstra University: 
Ford Foundation Research Award for Cuban 
Study. ; 

James Witte, Indiana University: visiting 
professor of economics, Southern Methodist 
University, spring 1969. 

Resignations 

Charles F. Austin, School of Business Ad- 
ministration, The American University, June 
1968. 

Edwin G. Caudill, School of Business Ad- 
ministration, The American University, July, 

| 1968: Guilford College. 
| Charles A. Dailey, School of Business Ad- 


| 


ministration, The American University, June 
1968: Dartmouth. 

Leslie Fishman, University of Colorado, 
June 1969: University of Warwick, Coventry, 
England. 

Virgil Ketterling, University of North 
Dakota. 

Robert F. Lanzillotti, Michigan State Uni- 
versity, July, 1969. 

Mortin J. Plotnik, Illinois Wesleyan Uni- 
versity. 

Clark Puckett, State University of New 
York, June 1969. 

John Owen Quigley, School of Business Ad- 
ministration, The American University, June 


` 1968. 


Miscellaneous 


Leland L. Jobnson, research director of the 
Presidential Task Force on Communications 
Policy: senior economist, The RAND Cor- 
poration. 


The Yugoslav-American Commission in Belgrade 
has nominated four Yugoslav economists for travel 
grants to the United States. Each individual is avail- 
able for a teaching or research position during the aca- 
demic year, 1969-70. For detailed information, please 
contact Georgene B. Lovecky, Executive Assistant, 
Committee on International Exchange of Persons, 
2101 Constitution Ave, N.W., Washington, D.C. 
20418. 


The Committee on International Exchange of Per- 
sons Conference Board of Associated Research Coun- 
cils will issue, in March 1969, a list of foreign scholars 
available under the provisions of the Fulbright-Hays 
Act for appointments in American colleges and uni- 
versities during the academic year, 1969-70. Fulbright- 
Hays travel grants cover costs of round-trip trans- 
portation from the home country to the United States, 
provided arrangements can be completed for a lec- 
turing or a research appointment with appropriate 
stipend at an American institution of higher learning. 
Information concerning the procedures for extending 
invitations and the conditions of appointment may be 
obtained from: Miss Grace E. L. Haskins, Program 
Officer, Committee on International Exchange of Per- 
sons, 2101 Constitution Ave., N.W., Washington, D.C. 
20418. 





The University of Colorado has received a grant 
from the National Science Foundation for a summer 
institute in Computer Science in Social and Behavioral 
Science Research for college teachers in the social and 
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behavioral sciences. The institute will be held in 
Boulder, Colorado for five weeks, beginning June 16, 
1969 and ending July 18, 1969. Each participant, .a 
college or university teacher, will receive a stipend of 
$500 plus travel and dependency allowances. The 
faculty of the institute are: Bert F. Green, Edward 
A. Feigenbaum, William R. Uttal, Philip J. Stone, 
Claude McMillan, Daniel E. Bailey, and Richard D. 
Duke. Applications are to be completed on or before 
April 15, 1969. For application forms and more de- 
tailed information, write to: Daniel E. Bailey, Ket- 
chum 8, University of Colorado, Boulder, Colorado 
80302. 


SENIOR FULBRIGHT-HAYS AWARDS 
IN ECONOMICS AND BUSINESS 
ADMINISTRATION FOR 1970-71 


Applications should be filed by June 1 for Ful- 
bright-Hays appointments for university lecturing 
and advanced research abroad during 1970-71. About 
30 scholars in economics and business administration 
are serving as lecturers during 1968-69 in Argentina, 
Australia, Ceylon, Germany, Greece, India, Iran, 
Italy, Japan, Korea, Liberia, Malaysia, Mexico, Peru, 
Republic of China, Turkey, the United Kingdom, 
Uruguay, and Yugoslavia, and scholars in these fields 
have been granted Fulbright awards for research 


during 1968-69 in Australia, Germany, the Nether- 
lands, and Spain. Appointments for 1970-71 may be 
fewer in number because of reductions in the ap- 
propriation for the Fulbright program. 

The basic application requirements are: U.S. citi- 
zenship; a doctoral degree or equivalent status for 
research; college or university teaching experience 
for lecturing appointments; and in some cases, pro- 
ficiency in a foreign language. 

Senior Fulbright awards ordinarily consist of a 
maintenance allowance in local currency to cover 
normal living costs of the grantee and family while 
in residence abroad, and roundtrip travel for the 
grantee (transportation is not provided for depen- 
dents). For lecturers going to most non-European 
countries, the award includes a dollar supplement, 
subject to the availability of funds; or it carries a 
stipend in dollars and foreign currency, the amount 
depending on the assignment, the lecturer’s qualifica- 
tions, salary, and other factors. 

For lecturing in 1970-71, application before June 
1, 1969 is strongly recommended. Research applica- 
tions will not be accepted after that date. 

Application forms, a list of openings, and details 
on the terms of awards for particular countries are 
available from the Committee on International Ex- 
change of Persons, 2101 Constitution Avenue, N.W., 
Washington, D.C. 20418, 
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‘SAS biona US. Pavate memen 
| Has Been Mislaid 


By Rosert J. Gorpon* 


The long term behavior of the capital- 
output ratio is an unsolved mystery in the 
annals of U.S. economic growth.) Although 
private output and capital grew at roughly 
the same rate, both before 1929 and after 
1948, between those dates a 57 percent 
increase in real private output was 
achieved with a growth of only one percent 
in the private nonresidential capital stock. 
Thus between 1929 and 1948, which were 
both high utilization years with similar 
employment rates, the marginal capital- 
output ratio appears to have been only 
.02, compared to an average capital-output 
ratio in 1929 of about 2.4.2? How did the 
U.S. economy succeed in producing so 
much extra output with so little apparent 
addition to its stock of plant and equip- 
ment during this 20 year period? 

The question has numerous answers, 
and many of them do not involve sub- 
tleties in economic theory nor econo- 
metrics, but instead, glaring errors in the 
measurement of the private capital stock. 
Imperfections in previous capital estimates 
(including [8], [14], and [18]) are impor- 
tant enough to raise serious questions about 
the validity of all production function 
studies of the U.S. economy which extend 
before 1948, e.g. [5], [20], and [21]. This 
paper attempts to go beyond destructive 

* The author is assistant professor of economics at 
the University of Chicago and a research staff associate 
of the National Bureau of Economic Research. He 
gratefully acknowledges research support from a Ford 
Foundation dissertation fellowship and from the Project 
for Quantitative Research in Economic Development at 
Harvard University. 

1 Other aspects of its behavior have been discussed by 
Anderson [1]. 

3 Capital data in 1958 prices from (14, p. 46, column 
1]. Output from [6, Table B-8, p. 219}. 


criticism of the official figures to the 
presentation of new capital estimates based 
on primary source data.’ The subject here 
is a little known $45 billion treasure 
chest of plant and equipment which the 
U.S. Government has purchased for the 
use of private firms since 1940, but which 
has never been counted as part of the pri- 
vate U.S. capital stock. The major con- 
clusion is that the neglected assets explain 
a substantial portion of the decline in the 
manufacturing capital-output ratio during 
World War II and the early postwar 
years, since the addition of these assets 
results in a 33 percent increase in the 
manufacturing capital stock between 1940 


`- and 1945, as compared to the two percent 
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increase shown in previous data. 


I. Government Financed Assets in the 
National Income Accounts 


Most productivity studies are rightly 
confined to the private sector and ignore 
government output, which is omitted 
because of its artificial treatment in the 
National Income and Product (NIP) 
accounts. Government output, which can- 
not be valued at a market price because it 


? For criticisms of the official capital data, see [12] and 
{13]. In addition to government financed assets, the 
author’s capital measurement study emphasizes errors 
in the measurement of service lifetime and thus differs 
from the related study by Jorgenson and Griliches [17] 
which ignores both of these subjects. For a critique of 
Griliches-Jorgenson, see [9]. Another paper in the series 
is [10]. 

4 The figure of $45 billion is derived in Table 4 and 
represents an estimate of cumulative 1940-65 U.S. 
government expenditures on privately operated plant 
and equipment (in 1958 prices) minus the small 
portion already included in the official OBE capital 
stock data. 
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is not sold, is measured simply as the 
compensation of government employees. 
Thus real government output, displayed in 
the national accounts in 1958 dollars, is a 
bogus concept. Since the deflator is average 
employee compensation rather than an 
actual price, real government output grows 
by definition at exactly the same rate as 
labor input, and productivity by definition 
never changes. The government sector, 
therefore, must be excluded in any project 
which intends to study productivity 
change. l 

All of this is well known, of course, and 
most productivity studies consequently 
limit their analysis to private output, 
which is assumed to be produced with 
private inputs. Unfortunately, the official 
data [14] [26] do not define government 
and private investment and capital by the 
sector in which they are used, as required 
for productivity analysis, but rather by 
the sector which finances them. This 
creates no problems with regard to govern- 
ment output which is not directly pro- 
duced by privately financed capital. But 
structures and equipment financed by the 
government have played a surprisingly 
important role during the last 25 years in 
the production of private output. 

Government capital is operated by 
private firms under varying types of agree- 
ments. Many firms operate on a normal 
profit making basis, using government 
financed machinery in their own factory 
buildings. In other cases, the government 
owns the equipment and the building, and 
the firm operates the plant for the govern- 
ment for a fixed fee, with any profits or 
losses accruing to the government.’ In 


5 The cost-plus-fixed-fee (CPFF) contract, mainly 
used in World War II, was considered more efficient 
than the cost-plus-percentage-profit scheme, which was 
more common in World War I. The latter arrangement, 
of course, gave profit-maximizing munitions makers an 
incentive to keep costs as high as possible. More than 
$50 billion in CPFF contracts were signed in World 
War IT. See [15, p. 86] arid [22]. 


addition, many plants which the govern- 


ment was unable to sell after World War 
II have been leased to private firms who 
operate them on a profit making basis. All 
of these cases, despite their differences, 
have a crucial similarity. The wages and 
salaries of employees in the government 
owned plants are paid by private firms, 
and these payments are counted, along 
with the fees or profits earned by the 
operators, as part of national income 
originating in the private sector. Any 
productivity study is misleading if it 
includes all of private output but ne- 
glects part of the capital which was used 
to produce that output. This, unfortu- 
nately, is the fate which has befallen all 
previous studies, because the U.S. national 
accounts have failed to keep track of 
government capital. Government pur- 
chases of industrial structures and equip- 
ment are lumped in with all other govern- 
ment current purchases of goods and 
services, and there is no published series 
on the amount of government capital 
which has been used during the past 25 
years to produce private output. 

The amounts involved are not trivial. 
In the spring of 1945, private firms were 
producing steel ingots at a full capacity 
rate, but they owned only 90 percent of 
their fixed capital input; the other 10 
percent was owned by the government. 
Boeing, Grumman, Republic, and other 
private firms were rolling out aircraft at 
an unprecedented pace, but the planes 
were rolling out through government 
owned doorways and the supervisors con- 
gratulated each other from government 
owned chairs and desks. Nor were govern- 
ment facilities merely a wartime phe- 
nomenon. After the war in 1947, for ex- 
ample, Alcoa, Reynolds, and Kaiser pro- 
duced half of the nation’s aluminum 
output in government owned plants. In 
1951, about half of our rubber supply was 
synthetic, and all synthetic rubber was 
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produced by private firms in government 
owned plants. Even today, 123,000 em- 
ployees of private firms work in plants and 
laboratories owned by the Atomic Energy 
Commission, having a gross book value of 
over $8 billion. Much of the aircraft and 
ordnance production for the Vietnam war 
has been carried on by private firms with 
government owned plant and equipment. 
And, similarly, almost all of the construc- 
tion, testing, and firing of rockets in the 
U.S. space program has been performed by 
private contractors in government owned 
facilities. In addition, the production of 
commercial aircraft is carried on partially 
through the use of government financed 
equipment.’ 

The majority of the government indus- 
trial facilities in question were constructed 
during World War II. To account for all 
of the government capital which has been 
used since then to produce private output, 
three separate questions must be answered: 
How much government capital was used 
by private firms during World War II? 
How much of that capital continued in 
operation by private firms after the war? 


8 Among the sources for this paragraph: 

Iron and Steel. Capacity was expanded from 81.6 
million tons in 1940 to 95.5 million tons in 1945, See 
(2, p. 19]. Of total expenditures on basic iron and steel 
facilities expansion from 1940 to the end of 1944, the 
government-financed share was 66 percent [33]. Sixty- 
six percent of the expansion of 13.9 million tons is 9.2 
million tons, or roughly 10 percent of 1945 capacity. 

Aircraft, The Government financed 88 percent of the 
World War I expansion of aircraft plants [33]. 

Aluminum. [31, Second Quarter 1947, p. 8]. 

Rubber. Production figures from [29, April 1, 1951, 
p. 16]. 

Space. For instance, the first stage of the Saturn I and 
V rockets are produced by Chrysler and Boeing in a 
Louisiana plant originally built to produce tanks in 
World War IZ. See [24, pp. 230 ff.]. 

1 For instance, regarding a particular piece of govern- 
ment-owned equipment, it wag recently revealed that 
“.,. about 1 year after an 8,000 ton forge press costing 
$1,400,000 was installed, it was used extensively for 
commercial production of jet engine midspan blades, In 
the 3 year period ended December 31, 1965, the 8,000 
ton press was used 78 percent of actual production time 
for commercial work . . .” [24, p. 416]. 


And how much capital has been built by 
the government since the war for private 
operation? The distinction between World 
War II facilities and capital built after the 
war is dictated by the inadequacy of the 
available statistics. No complete record is 
available which traces the eventual dis- 
position of all World War IT facilities, and 
a large part of the work reported in this 
paper is an attempt to infer from scattered 
pieces of evidence what happened to these 
plants after 1945. 

At present the WIP accounts, the official 
estimates of wartime and postwar capital 
formation, do not include government 
capital used by private firms but only 
privately financed structures and equip- 
ment purchases. Government financed 
facilities enter the private capital stock 
only when they are sold to private firms, 
and at the time of sale they are added to 
private capital formation at the sales 
price, not at original cost. This approach 
results in an inappropriate measure of the 
capital actually used by private firms, for 
several reasons: 

1. The timing in the WIP accounts is 
wrong for productivity analysis. The 
World War II facilities were used by 
private firms from the date of construction, 
mainly in 1941-43, not from the date of 
sale in 1946-48. Thus the capital available 
for use in private production during the 
war has been understated by a large 
amount. 

2. The official valuation at the time of 
sale is wrong. The NIP accounts have 
valued the facilities at their sale price, not 
at original cost. Since average sale prices 
after the war averaged only about 30 per- 
cent of original cost, the WIP estimates 
seriously understate the cost of the assets, 
which have thus been included in gross 
capital formation at their net depreciated 
value.’ In the investment statistics they 
are completely merged with all new capital 

2 For the 30 percent figure see Table 3. 
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built in the year of sale, e.g. 1947, and for 
depreciation and retirement calculations 
are treated as if their age was the same as 
new 1947 assets, 

3. In addition, since used goods sold by 
the government in 1947 are merged with 
new capital built in 1947, they are de- 
flated in 1947 prices. This is wrong, since 
they were built in 1941-45 and should be 
deflated in the prices of the year of con- 
struction. 

4, The procedure makes no allowance 
for capital which was not sold. Many of 
the World War I facilities, as we shall see, 
were either leased to private operators or 
continued to be operated by private firms 
for the government. 

5. No account is taken of the govern- 
ment industrial structures and equipment 
which were built after the war. These 
have become a more and more important 
part of the capital stock in the late 1950’s 
and 1960’s as much of the World War II 
equipment has worn out and has been 
abandoned. 

Only one previous investigator has made 
any sort of allowance for the peculiarities 
of wartime facilities expansion. In his 
Ph.D. dissertation [16] Patrick Huntley 
did not make any allowance for the faulty 
NIP treatment of government capital 
but did take a step backwards by ex- 
cluding part of wartime private invest- 
ment from the postwar capital stock. 
During World War II, manufacturers were 
allowed five year amortization when they 
expanded facilities for war purposes. They 
were allowed to decide for themselves 
whether their investment was in a normal 
peacetime or extraordinary wartime pat- 
tern. Using statistics on wartime amortiza- 


tion, Huntley excluded fully half of 1940- 


45 private investment from his estimates 
on the grounds that “A manufacturer who 
elected to ‘amortize’ his entire plant and 
equipment expenditure made during the 
war presumably registered the opinion 


that his entire expenditures were for manu- 
facturing facilities of wartime usefulness 
having limited peacetime use” [16, p. 72]. 
But a private manufacturer would have 
every incentive to reduce his tax payments 
by declaring that his facilities were for war- 
time purposes. Even if he expected war- 
time tax rates and profit rates to continue 
after the war, the present value of tax 
deductions from five year straight line 
tax amortization would be more than 
double that of 25 year straight line depreci- 
ation (at a 10 percent discount rate). 
Further, the manufacturer doubtless would 
assume that tax rates would be reduced 
after the war and he would try to maximize 
his amortization deductions during the 
high tax war years. In addition, he would 
tend to underestimate the peacetime use- 
fulness of his newly expanded plant. Pro- 
foundly discouraged by vivid memories of 
Depression, most manufacturers in the 
early 1940’s never dreamed that wartime 
levels of demand would continue after the 
war. The return of normal peacetime 
conditions, they thought, would only bring 
profitless excess capacity to their expanded 
1943 plants. 

There are several scattered pieces of 
evidence which conflict with Huntley’s 
assumption that much private investment 
was for temporary wartime purposes. After 
the war, Deming and Stern made a careful 
study of the peacetime uses of plants built 
during the war in the Southern states and 


‘wrote that “private industry in most 


cases financed facilities that were closely 
related to normal operation” [4, p. 24]. 
Creamer, in his study of manufacturing 
capital, also concluded that privately 
financed assets built during World War II 
were used for production after the war 
and his net capital stock estimates for the 
postwar years were raised above book 
value figures by the amount of this exces- 
sive wartime amortization [3, pp. 219-20]. 
Further, an inspection of the industrial 
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composition of public and private wartime 
expansion confirms that almost all extraor- 
dinary wartime needs were financed by 
the Government rather than private 
industry. In the war-oriented explosives, 
ammunition, ordnance, aircraft, and ships 
categories, for instance, the Government 
financed 93 percent of facilities expansion 
and private firms the remainder. Over 90 
percent of privately financed expansion 
was in the food, textiles, paper, basic 
chemicals, petroleum, rubber, basic metals, 
and machinery industries, and these ex- 
panded facilities were available to meet 
the surprisingly buoyant demands for 
civilian goods in the prosperous postwar 
economy.’ 

The Korean war practice of five year 
amortization should not mislead us into 
thinking that plants built during 1951-53 
were discarded after five years. While 
amortized over five years, new capacity in 
steel, aluminum, and other basic industries 
constructed in 1951-53 to meet the Korean 
War emergency was just as useful as 
plants built during any other period in 
meeting the needs of the post Korean 
economy. In both wars, rapid amortization 
was a device to induce investment in 
industries in which there seemed a large 
possibility of a postwar slump in demand. 
Thus, contrary to Huntley’s procedures, 
no special allowance will be made here for 
the premature discarding of privately 
financed facilities built in either war. In 
fact, the calculations below allow us to 
estimate the extent of premature retire- 
ments, and they appear to have been 
relatively slight even for government 
financed facilities (see Table 2, line 2b). 

Most of the results presented below are 
necessarily subject to a substantial margin 
of error. The requisite data are scattered 
and difficult to locate. One government 
agency after another spent a brief period 


§ Industrial composition figures are from (33, inside 
front cover]. 


collecting figures, and each during its 
tenure changed definitions and lost track 
of some assets. Responsibility for data 
collection shifted from the War Production 
Board to the Civilian Production Board, 
the War Assets Administration, and later 
the Defense Department and other 
branches. Many of the records legalisti- 
cally divide assets into real property and 
personal property, which are useless dis- 
tinctions for productivity analysis and 
which, unfortunately, do not correspond 
to structures and equipment. When an 
entire plant was sold to one bidder, its 
installed equipment was considered real 
property, but if the same equipment was 
removed to be sold separately, it was 
tallied as personal property. Personal 
property does not consist entirely of 
equipment, but includes both consumer 
goods and intermediate products. Because 
of these difficulties, our breakdown into 
structures and equipment is only partly 
based on hard facts, and many of the 
estimates rest instead on an intricate web 
of guesses, extrapolations, and blow-ups 
based on scattered hints in obscure publi- 
cations, 


II. Facilities Built During 
World War IT 
A. Wartime Plani Expansion 


Between mid-1940 and 1945 American 
manufacturers spent more on new plant 
and equipment than they had purchased in 
the entire pre-war decade of the 1930’s—a 
total of $11.4 billion (valued at original 
cost). While substantial, this expenditure 
in real terms was only 16 percent of the 
1940 manufacturing capital stock, a 
moderate increase compared to the 95 per- 
cent rise in real manufacturing output from 
1940 to 1944. Such an incredible expan- 

10 Because of space limitations, many tables and 
source notes to tables are omitted from this summary 
article and will appear later in book form. 


1 Actually, this 16 percent increment was not enough 
to offset retirements in calculations of the capital stock 
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TABLE 1—MANUFACTURING STRUCTURES AND EQUIPMENT BUILT BETWEEN 
Jury 1, 1940 ann Decemarr 31, 1945 











($ Million, Original Cost) 
Financed By Operated By Total Structures Equipment 
1. Private Private 11,435 3,162 8,273 
2. Govemment Private 15,985 7,665 8,320 
3 Government Government 1,656 1,030 626 
4, Total 29,076 11,857 17,219 








Sources By Line: 
1. [27, pp. 48, 100]. 


2. Structures: Public industrial construction (26, Table 5.4, line 33], adjusted for 


government-operated plants. 


Equipment: [32, pp. 13-16], adjusted to include Project Manhattan expenditures 

and to exclude expenditures for government-operated plants. 
3. Data reported for 1955 [23, p. 72] and adjusted for estimated 1945-55 expenditures 
and retirements, and for estimated construction of atomic energy facilities operated by 


the Government. 


sion of production with so little new 
capacity, long considered the epochal 
American Wirtschaftswunder, is less of a 
miracle than first appears. For conven- 
tional statistics on private investment by 
manufacturers completely ignore almost 
60 percent of the wartime expansion of 
privately: operated facilities. The forgotten 
billions of plant and equipment pur- 
chased by the government for private 
plant operators are shown in line 2 of 
Table 1. Some of the government financed 
facilities were operated by the government 
itself and are of no interest in this paper, 
for their output is not included in the 
private GNP. Workers in government 
operated arsenals and shipyards are on 
government payrolls, and their wages are 
part of national income originating in the 
government sector. Line 3 of Table í 
shows these assets separately. 

It is not easy to find out what happened 
after the war to all of the assets in line 2 
of Table 1. How many of them were 


based on constant lifetimes, and OBE estimates of the 
manufacturing capital stock show a decline from 1941 
to 1944. In truth, of course, many retirements may have 
been delayed during these years, and the actual capital 
stock (based on unrevised investment data) probably 
rose. 


specially built for war purposes and were 
tossed onto the scrap heap during the post 
V-J day reconversion, and what proportion 
remained in the capital stock to produce 
private output after the war? One method 
of tracing the disposition of these facilities 
is obvious; a complete list of the plants and 
their original cost is available, and a man 
with lots of time and pockets stuffed with 
airline tickets could set out across the 
country to find out what has happened to 
them since 1945, He would find the plants 
in a variety of uses: some may be pro- 
ducing the same product as in wartime, 
some may have been transferred to oper- 
ators in completely different industries 
or to public agencies, and others may have 
been subdivided among a number of 
users. While most of the structures could 
probably be tracked down in this way, 

8 Consider the varied fates of several aircraft plants. 
The Lockheed plant in Burbank (original cost: $46 
million) was partly sold to Lockheed and partly to 
smaller companies in other industries, The Consoli- 
dated-Vultee plant in San Diego (original cost $46 
million) was used in 1948 by several private companies, 
the County of San Diego, and the San Diego baseball 
club. In the 1950’s, however, the plant was again pro- 
ducing aircraft. The Boeing plant in Wichita (original 
cost: $32 million) is still retained in the ownership of the 
Air Force, even though Boeing currently uses it for 
commercial aircraft production, 


TABLE 2—GOVERNMENT FINANCED ASSETS OPERATED 
BY THE PRIVATE SECTOR, BY TYPE 


($ Million, Original Cost) 
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Total Structures Equipment 
1. Built 1940-45 for private opera- 
tors; used postwar by private 
operators 12,323 7,165 5,158 
a. Plants sold to private firms, 
1945-54 3,516 2,557 959 
b. Equipment sold separately 
from plant 1,712 — 1,712 
c. Synthetic rubber plants 488 424 64 
d. Retained by defense depart- 
ment for private use 5,285 3,582 1,703 
e. Atomic energy facilities 1,322 602 720 
2. Built 1940-45 for private opera- 
tors; not used postwar in private 
sector 3,662 500 3,162 
a. Equipment sold to public sec- 
tor or abroad 735 — 735 
b. Residual, assumed scrapped 2,927 500 2,427 
3. Used 1940-45 by military; sold 
postwar to private sector 1,654 — 1,654 
4. Built after 1945 for private 
operators 
a. Defense industries 4,784 850 3,934 
b. Atomic energy 5,668 1,997 3,671 
c. Space program 1,717 688 1,028 
5. Total 32,363 12,228 20,135 


Sources: See text. 


nothing could be discovered about the 
disposition of the equipment, much of 
which was removed from government 
financed plants and sold after the war to 
private users (resulting among other 
things in seven lean years for the U.S. 
machine tool industry between 1944 and 
1951). Also, of course, a great deal of the 
unsold machinery has by now become 
obsolete and has been scrapped. Thus 
our man in the field would be able to ob- 
tain information only about structures, 
and the disposition of government financed 
equipment would have to be estimated by 
indirect methods. Time and money are 
important constraints, of course, and we 
shall have to leave traveling expeditions 
to others. Thus we are forced to employ 
indirect methods for estimating the post- 
war disposition of both structures and 


equipment. The following section briefly 
describes the methodology of the investi- 
gation, but full details are omitted to 
conserve space and will be published later. 


B. The Postwar Disposition of Assets 
Built During World War II 


The results of the study are summarized 
in parts 1 and 2 of Table 2, which shows 
that it has been possible to identify the 
postwar disposition of about 83 percent 
of the government financed facilities built 
during World War II. The remainder, the 
residual of $2,927 million listed on line 
2b, represents facilities which were pri- 
vately operated during the war but which | 
could not be located after 1945. Most of 
the residual probably represents equip- 
ment which was specially designed for 
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TABLE 3—Postwar DISPOSAL OF GOVERNMENT PROPERTY BY THE WAR ASSETS 
ADMINISTRATION THROUGH JUNE 30, 1949 


($ Million, Original Cost) 











Sales 
Realization 
Miscel- Property Sales as Percent 
Category Acquisitions Sales Leases laneous Available Realiza- of Original 
Disposals For tion Cost of 
Disposal Property 
Sold 





Consumer and 








producer goods 9,719 8,242 — 
Real property 7,786 3,771 649 
Aircraft and 

components 7,858 1,798 23 
Other 1,835 1,241 = 
Total 27,198 15,052 672 











1,477 = 2,443 29.7 
2,630 737 1,211 32.1 
5,643 395 187 10.4 

569 24 304 20.4 
10,319 1,156 4,145 27.5 





Source: [31, Second Quarter 1949, Tables 1-6, pp. 41-46]. 


wartime weapons which were never pro- 
duced again. 

1. Postwar Sales of Real Property. On 
V-J day, the government owned billions 
of dollars of plants, equipment, and an 
almost infinite variety of other goods 
which it no longer needed. Warehouses 
bulged with trucks and tanks, trousers 
and toothpicks. More than $27 billion of 
goods, equal in value to about 15 percent 
of the 1946 GNP, were declared surplus by 
the War Assets Administration (WAA), 
which had been created in 1945 and 
charged with an immense sales job. At the 
peak of its activity, the WAA had almost 
60,000 employees busy trying to attract 
buyers for items in its storehouse. 

The composition of WAA acquisitions 
is shown in Table 3, which is drawn from 
the last report published by the WAA 
before it closed up shop and disappeared. 
The Consumer and Producer Goods cate- 
gory includes consumer, intermediate, 
and producer goods. While some are 
materials such as wood and steel and are 
not part of fixed capital, a substantial 
amount consists of machinery and equip- 
ment which had been removed from 


government financed plants, as well as 
producers durables (e.g., trucks) which 
had been operated during the war by the 
Army and Navy. Real property includes 
structures and all equipment therein 
disposed of with the plant. Equipment sold 
to a separate bidder is classified in the 
Consumer and Producer Goods category. 
Most of the Aircraft and Components 
category, of course, was made up of 
combat aircraft which were scrapped 
(hence the large entry in line 3 of Table 3 
under “miscellaneous disposals”), but 
many planes were sold to private firms as 
airline transports, corporate planes, and 
training planes in private flying schools, 
and hence should be included in the post- 
war private capital stock. 

By June 30, 1949, as shown in Table 3, 
the WAA had completed most of its job. 
More than half of its acquisitions, about 
$15 billion worth, had been sold for 27.5 
per cent of original cost. The relatively 
high sales realization for long lived real 
property was to be expected, as was the 
extremely poor return on sales of evanes- 
cent aircraft. The WAA’s job was made 
easier by the ease with which free miscel- 
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laneous disposals out the back door of the 
store reduced the size of the inventory 
which had to be sold to paying customers 
through the front door. In addition to 
junked aircraft, other miscellaneous dis- 
posals went to public agencies; army 
hospitals became state hospitals and 
school buildings, camps and reservations 
were transferred to school districts, and 
hundreds of army airfields were donated 
to municipalities, making possible a vast 
increase in the number of cities receiving 
commercial air service.¥ 

There are two main obstacles to an 
estimate of the war~built industrial facili- 
ties. which were sold by the WAA. First, 
the official tabulations, as shown in Table 
3, do not subdivide real property into its 
industrial and nonindustrial components. 
A substantial part of the real property 
acquisitions do not represent the industrial 
plants we are searching for, but rather 
hospitals, barracks, airfields, and training 
camps. The second difficulty is that not all 
industrial property was sold to private 
firms; some was sold to local governments 
for nonindustrial purposes. The $3,156 
million estimate of plant sales in line 1a of 
Table 2 is based on scattered hintsin WAA 
reports. Of the total acquisitions of real 
property shown in Table 3, about 56 per- 
cent (or $4,356 million) consisted of indus- 
trial plants. Some of these were disposed of 
to public agencies, but the majority were 
sold to private firms at various dates be- 
tween 1945 and 1954. The division in line 
‘1a between structures and equipment was 
derived as a residual at the end of the 
estimation process. 

2. Equipment Sold Separately. The figure 
in line 1b of Table 2 is based on an esti- 


3 Because of airport transfers, the bargain basement 
sale prices of used air transports, and the release from 
the armed services of thousands of pilots who had been 
trained at government expense, much of the postwar 
private air transport industry was established practi- 
cally without cost to the private sector. ` 


mate of the fraction of sales of Consumer 
and Producer Goods (as listed in Table 3) 
which consisted of machinery. The major 
source of information was a detailed break- 
down of early WAA acquisitions by three- 
digit industry. Another helpful source was 
a periodic WAA report on the disposition 
of machine tools. Sales to public agencies 
and abroad are listed separately in line 2a. 
A similar procedure was used to derive the 
estimates in line 3 of military equipment 
used after the war by private firms (e.g., 
trucks, air conditioners, airplanes, office 
equipment, etc.). 

3. Synthetic Rubber Plants. At the close 
of the war, the government owned 44 
synthetic rubber plants which had cost 
$670 million to build during the preceding 
four years.4 These plants contributed 
almost 100 percent of the U.S. rubber 
supply after the Japanese conquest of 
Malaya in 1942. Disposal of the plants 
was delayed for many years after the war 
because of uncertainty about the future 
price of natural rubber. It was difficult 
to determine how much of the capacity 
should be kept in active operation when it 
was not known whether synthetic rubber 
could be sold permanently at a profit. 

Eventually, the doubt about the future 
of synthetic rubber was resolved in 1950 
when natural rubber prices spiralled to 
many times the cost of the synthetic prod- 
uct. Synthetic production mounted rap- 
idly and by 1951 amounted to over 50 
per cent of the total U.S. rubber supply.” 
Finally, in 1955, almost all of the remain- 
ing capacity was sold. Most of the sales 
were made to thé same firms which had 
operated the plants since they were first 
built during World War I. These firms 
had operated the plants without interrup- 
tion for ten years or more, since even at its 
low point in 1949 capacity utilization in 
synthetic rubber was about 50 percent, 

4 See [2, pp. 24-26]. 

1 See [29]. 
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and government policy was to operate all 
plants at half-throttle rather than to close 
down any facilities.1¢ 

4. The Departmental Industrial Reserve. 
Lines ia, 1b, 1c, and 2a in Table 2 sum- 
marize the results of our study of the WAA 
data. They are quite surprising, for post- 
war sales account for only about $6.5 
billion, less than half of the wartime 
government financed, privately operated 
industrial facilities expansion of $16.0 
billion. Where are all of the missing plants? 
There is no mention in any of the WAA 
progress reports of the billions of dollars 
worth of plants which were built during 
the war but were never acquired by the 
WAA. 

After a long search, some evidence on 
the missing plants has been found, allow- 
ing a crude estimate of their value and 
date of construction. The study reveals 
an enormous industrial empire which most 
economists have never heard of. The indus- 
trial plants owned by the Department of 
Defense, sometimes called the Depart- 
mental Indusirial Reserve (DIR), had a 
1960 book value of more than $11 billion 
of structures and equipment. Since many 
of the plants were constructed decades 
ago, tbis original cost valuation is a con- 
siderable understatement of replacement 
cost. The DIR includes many plants 
operated by private firms in addition to the 
government operated arsenal system and 
Navy industrial facilities. Most of the 
plants were built during World War I, 
and the facilities constructed before 1939 
are mainly old government operated 
arsenals (most of which were established 
between 1777 and 1863). The plants are 
retained in government ownership to 
assure supplies of essential weapons and 
explosives in wartime without any lag for 
the construction of new plants or the con- 


18 Production figures from [29, April 1, 1951, p. 16]. 


Government policy discussed in [30, p. 3]. Estimates in 
Table 2 based on [19]. 


version of civilian factories, as was neces- 
sary during the early days of World War 
If. About 80 percent of the value of the 
DIR is accounted for by four industries, 
explosives and ammunition, weapons, air- 
craft, and shipyards. The aircraft industry 
in particular, is a virtual ward of the 
government, having contributed approxi- 
mately 10 percent of the funds for its own 
expansion in World War II and only about 
one-third during the Korean War.” 

The DIR showed its worth in the Korean 
war, when in 1950-51 defense orders for 
ordnance and weapons suddenly inundated 
the economy. American manufacturing 
output grew by 34 percent between 1948 
and 1953, an unusually rapid rate of 
growth considering that the earlier year 
was not a recession year but was char- 
acterized by shortages and full capacity 
operation. Part of the growth in capacity, 
of course, was due to new construction 
between 1948 and 1953, but a substantial 
amount was due to the reactivation of 
DIR plants, many of which had rested 
dormant since World War II. Reactivated 
DIR plants, for instance, added 10 per- 
cent to aluminum capacity in 1951, con- 
tributed substantially to increased nitro- 
gen production, and counted for almost all 
of the Korean war increase in magnesium 
production.!* The number of aircraft plants 
in operation doubled between 1950 and 
1953 as old DIR plants came into the 
active list again. “Such famous World 
War II aircraft plants as those at Marietta, 
Ga., Tulsa, Okla., and Kansas City are 
again in production.””* By 1952, 92 per- 
cent of the DIR plants were in operation, 
as opposed to an approximate 60 percent 
in 1950.7 

The DIR plants have remained un- 


37 The general description in these paragraphs is 
based on [23, pp. 61-62]. 

18 (29, January 1, 1952, pp. 15-17}. 

18 (29, January 1, 1953, p. 27]. 

% (28, 1952, p. 40]. 
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known because of the incredibly primitive 
statistical reporting standards of the 
Department of Defense. In most cases 
(eg, in the utility and transportation 
industries) government regulation in- 
creases statistical information available 
to the public, but government ownership 
is often an excuse for secrecy. In the case 
of the DIR, practically no solid informa- 
tion is available. Congress has only 
recently discovered the existence of the 
DIR, and in 1967 Senator Proxmire held 
hearings on the private usage of govern- 
ment owned equipment. The hearings 
[24] revealed that the Department of 
Defense had maintained scanty records, 
had little idea how many of the machines 
were being used by private contractors for 
commercial work, and was receiving in- 
adequate rental for the machines in com- 
mercial production. 

The estimates in line 1d of Table 2 are 
based partly on these hearings, and in 
addition, on Annual Reports of the De- 
partment of Defense and a 1955 Hoover 
Commission Report [23]. 

5. Atomic Energy. The information on 
line 1e is based on the official history of 
the Atomic Energy Commission and can 
be considered relatively reliable. Most of 
the $1.3 billion total consists of production 
plants which were built by the 4 EC during 
the frantic 1943-45 rush to develop a 
working atomic bomb, and which were 
operated by private contractors, e.g., 
Union Carbide at Oak Ridge, Tennessee. 


HI. Industrial Facilities Built After 
1945 for Private Operation 


1. Defense Indusiries. Estimates for 
Department of Defense facilities con- 
structed after 1945 were estimated simul- 
taneously in lines id and 4a (see above). 
The post-1945 expansion of privately 
operated Department of Defense facilities 
appears to have been concentrated in 
equipment; the construction of new struc- 


tures was limited and appears to have been 
largely for government operated facilities. 

2. Atomic Energy. The AEC financed 
a large program of postwar construction, 
the bulk of it in the years 1951-55. The 
huge production complexes originally built 
during World War ITI at Oak Ridge and 
Hanford were joined by many new facili- 
ties, including three which cost more than 
$750 million apiece. Production facilities 
have not been expanded much since 1956, 
but recently there has been a substantial 
amount of construction of research facili- 
ties, many of which are operated by pri- 
vate institutions (e.g., Harvard Uni- 
versity). 

Since 1950 the AEC has published an 
annual financial report which, despite its 
deficiencies, puts the Defense Department 
to shame. Each year figures are reported 
for plant and equipment expenditures and 
the book value of production plants, re- 
search labs, and other facilities. In recent 
years the reports have included a com- 
plete list of all AEC facilities, showing for 
each the book value of completed projects 
and the cost of work under construction. 
While the AEC information is more ade- 
quate than most in this paper, there are 
nevertheless several deficiencies ‘which 
force us to make some guesses. The years 
between 1945 and 1950 are a statistical 
dark age on which practically no informa- 
tion exists. In addition, none of the AEC 
reports makes any distinction between 
structures and equipment; all of our esti- 
mates which divide AEC expenditures be- 
tween structures and equipment are based 
on a single inventory taken in 1960. 

3. Space Progrant. Of the 420,000 peak 
employment of the U.S. space program in 
1966, only 7 percent actually worked for 
the National Aeronautics and Space Ad- 
ministration (NASA) .™ The vast majority, 
from those building the Apollo capsule in 


21 See [25, p. 109]. 
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Downey, California, to the men who 
helped the astronauts into their spacecraft 
at Cape Kennedy, Florida, were employees 
of private firms. But their tools and many 
of the buildings in which they worked were 
owned by NASA, which spent about $2.5 
billion on facilities between 1959 and 
1967. The figure on line 4c of Table 2 is 
smaller than this, excluding facilities (like 
the Manned Spacecraft Center in Houston, 
Texas) built for use by NASA employees, 
as well as plants used by NASA but built 
by the Government in World War IT for 
defense purposes (to avoid double count- 
ing). 


IV. Conclusion 
A. Evaluation of the Resulis 


All of this adds up to over $32 billion 
of expenditures valued at original cost, 
representing a substantial stock of facili- 
ties, most of which has helped to produce 
private output but has never before been 
included among the factors of production 
in the private sector. The existence of this 
vast amount of previously unmeasured 
capital explains in part how the private 
American economy produced so much 
during the war and early postwar years 
with such a small measured increase in 
the stock of capital relative to the level of 
the late 1920’s. The implications apply 
mainly to the manufacturing sector, since 
about 90 percent of the assets listed in 
Table 2 constitute manufacturing struc- 
tures and equipment. 

_ In the research work for this paper the 

2 See (25, p. 100]. 

8 While this paper presents the first estimate of the 
portion of government financed capital which has con- 
tributed to private production, previous estimates have 
been made of the original cost value of total government 
military and civilian capital (including military weap- 
ons and making no distinction as to the assets used in 
the private sector). See Goldsmith’s estimates [7, pp. 
88-91]. Goldsmith, however, does not measure military 
industrial structures, which represent about one quarter 


of the total value listed above in Table 2 (7, p. 395, notes 
to Table B-166, column 5}. 


facilities shown in Table 2 have been 
separately attributed to the years in which 
they entered private production. This 
enables us to convert the values from origi- 
nal cost to 1958 prices, with results shown 
in Table 4.% These data are then used in 
the top frame of Figure 1 to illustrate 
changes in the real gross stock of govern- 
ment financed assets from 1940 to 1965. 
For comparison, the bottom frame shows 
the small portion of assets originally 
financed by the Government which the 
OBE has already included in its capital 
stock estimates.” 

. The figure indicates that the stock of 
government financed, privately operated 
assets expanded rapidly to a 1945 peak of 
$31 billion (in 1958 prices), fell back to 
about $26 billion after the war as some 
special purpose equipment was retired, 
and then expanded to its all time peak of 
$32.5 billion in 1954 after the Korean 
expansion of Defense Department equip- 
ment and AEC facilities. Retirements of 
equipment built during World War II 
resulted in shrinkage of the stock from 
1956 to 1961, but after that date, retire- 
ments were offset by further purchases 
of manufacturing equipment by the De- 
fense Department and new facilities for 
the space program. - 

The reliability of these final results is 
not easy to evaluate. Since all of the avail- 
able evidence has been used to construct 
the basic estimates, nothing remains to 
serve as a cross check. The figures must be 
regarded as tentative, since they are sub- 
ject to changes and improvements as fur- 
ther data discoveries are made. The AEC 
estimates are probably the most reliable, 


u The equipment deflators are from the NIP. ac- 
counts, but the structures deflators are from [10, Appen- 
dix Table A-1, column 2). 

% The top frame of Figure 1 was derived from Table 
4. The bottom frame was derived from [26, Table 5.3, 
line 28 and Table 5.5, line 4]. In the bottom frame, 
structures are assumed to have a 40-year service lifetime 
and equipment, a 17-year service lifetime, 


TABLE 4—EXPENDITURES ON, AND RETIREMENTS OF, GOVERNMENT FINANCED STRUCTURES AND EQUIPMENT, 
BY YEAR OF ENTRANCE INTO AND EXIT FROM PRIVATE OPERATIONS, 1940-65 


($1958 Millions) 















Year Structures Equipment | Structures Equipment | Structures Equipment | Structures Equipment 





























1940 298 228 0 0 
1941 2,680 1,708 0 0 
1942 5,919 5,361 2 0 
1943 2,937 ` 5,012 27 0 
1944 1,705 2,335 64 0 
1945 1,108 1,569 44 327 0 0 
1946 13 209 21 1,290 0 18 
1947 7 164 18 1,051 0 18 
1948 14 125 25 389 0 18 
1949 16 109 29 77 0 18 
1950 21 128 34 63 0 20 
1951 18 402 32 64 0 34 
1952 198 1,235 68 113 0 32 
1953 383 1,480 62 102 0 26 
1954 622 1,245 34 61 0 24 
1955 548 895 36 57 0 420 
1956 165 418 3 17 0 426 
1957 57 273 12 - 28 0 428 
1958 40 271 48 89 0 430 
1959 0 134 69 89 0 464 
1960 0 149 56 95 0 470 
1961 49 233 75 133 0 466 
1962 252 607 89 118 0 58 
1963 224 435 110 139 0 18 
1964 465 1,110 147 172 0 2 
1965 523 . 252 103 130 0 2 
Cumulative 
Totals 18, 262 26,087 1,208 4,730 0 3,392 
Total Expenditures 50,287 
minus: Amount already included 
in national accounts — 4,800 
Net addition 45,487 
Source Notes: 


1940-45 expenditure estimates for equipment were based on [32, pp. 13-16], and for structures on [26, Table 5.4, 
line 33]. Post-1945 expenditure estimates were inferred from [24, p. 382] and from annual reports of the Department 
of Defense and the AEC. Nonmanufacturing expenditures represent primarily atomic energy laboratories and pro- 
ducer’s durables sold to private firms immediately after World War IT. | 

Annual retirement figures were calculated in three steps: 

1. For assets which remained in the possession of the government after World War II, preliminary estimates of 
retirements were based on cumulated investment expenditures valued at original cost minus the appropriate original- 
cost capital stocks. The stock estimates were derived from the list of sources in the preceding paragraph and from [23]. 

2, For manufacturing structures half of the preliminary retirement estimates were assumed to have represented 
sales to private firms, and this portion therefore was excluded from the final retirement estimate. 

3. For assets which were originally financed by the government but sold to private firms after World War IT, the 
following arbitrary retirement patterns were assumed: no structures retirements during the period of study, on the 
assumption of a 40-year service life; manufacturing equipment retirements spread evenly between 1957 and 1965 
(assuming an approximate 17-year life) and nonmanufacturing equipment retirements spread evenly between 1955 
and 1961 (about a 14-year life). 


234 THE AMERICAN ECONOMIC REVIEW 





Estimated Stock of Government Financed, Privately Operated 
Structures and Equipment, 1840-65 ( $ 1958 Bons) 





Sook af Government-Finanoed Assets Sold After 


World War JI to Private Firms Presently Included In 
OBE Capital Stock Estimates, 1940-65 ( $ 1958 Dillons) 


Ficure 1 


for the total amounts involved are all 
based on published reports. The order of 
magnitude of the estimates of expenditures 
on DIR plants is roughly right, and im- 
portant errors in the estimation procedure 
are confined to the allocation of construc- 
tion expenditures between the World War 
II and Korean years. The inclusion of some 
of the DIR plants producing ammunition 
and weapons gives the postwar capital 
stock an upward bias during 1946-50 
when Defense Department procurement 
was very low. Purchases were at a high 
level throughout the 1950’s and 1960's, 
reducing the bias substantially and elimi- 
nating it completely during the Korean 
and Vietnam wars. 

Another possible bias, much harder to 
assess, may be caused by the valuation of 
all assets at their original cost. The re- 


turns received by the WAA on plants sold 
after the war were bound to be below origi- 
nal cost because of depreciation, of course, 
but a more important cause of the low 
realizations (32 percent for real property) 
was undoubtedly a general lack of cer- 
tainty that wartime prosperity could be 
maintained. Businessmen were hesitant to 
commit large sums on war built plants 
which they feared might be badly under- 


` utilized as peace broke out. Thus, many 


firms acquired modern, well-equipped 
plants in 1946 at bargain prices which 
seriously understate their full capacity 
ability to produce. Part of this plant ca- 
pacity may have gone unutilized at first, 
but utilization doubtless improved in later 
years as private demand and output in- 
creased far above 1946 expectations. 

Any upward bias in our estimates for 
these reasons could not be large relative to 
the total amounts listed in Table 2, since 
it would only apply to the $2.6 billion of 
structures sold after the war. Pieces of 
equipment, unlike structures, are movable, 


_ and many were taken from war production 


plants and sold to other users. These 
machines were easy to substitute for new 
machines built immediately after the war, 
and the machines purchased from the 
government took away the markets of the 
machine tool industry, leaving it in a de- 
pressed condition until 1951. Further, any 
such upward bias in the estimates may be 
partially or completely offset by significant 
underreporting of the basic magnitudes in 
government property inventories.” 


% The lack of confidence during the early postwar 
years was also evidenced by the large gap between the 
high dividend yields on equities and the low interest 
rates on long term bonds. i 

" Consider the following example of underestimation 


-in the government inventories: “In some instances 


government-owned tooling was not identifiable by 
physical markings or in the property records, as pre- 
scribed by the Armed Services Procurement Regulation. 
At one plant, government-owned tooling acquired under 
supply contracts at an estimated cost of $55,000,000, 
starting in 1952, was not controlled under a system of 
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As stated in the introduction to this 
paper, the existence of government- 
financed but privately operated facilities 
has important implications for the analysis 
of changes in total factor productivity and 
the capital-output ratio. Table 5 illustrates 
the effect on the U. S. manufacturing 
capital stock and capital-output ratio of 
the inclusion of the government-financed 
assets described in this paper, and of the 
new structures deflators recently derived 
elsewhere [10]. First, line 1a illustrates the 
rate of growth of the manufacturing capi- 
tal stock using the unrevised data of the 
U.S. Office of Business Economics (OBE). 
Line 1b shows the growth in the stock 
computed with revised structures de- 
flators, and the effect of this changeover is 
calculated in line 2a. Similarly, line Ic 
amends line 1b by adding to private manu- 
facturing capital the government assets 
estimated in this paper, and line 2b shows 
the effect of this revision. The new deflator 
raises the rate of growth of capital during 
all three subperiods, with an average in- 
crease of .60 percent for the entire 1929-65 
period. The inclusion of government- 
financed capital contributes a smaller 
revision for the entire period, .28 percent, 
but significantly raises the rate of growth 
of capital in the earliest subperiod relative 
to the postwar subperiods. In the unre- 
vised OBE data (line 1a), for instance, 
capital growth from 1929-48 was only 
one-fourth as rapid as in the recent 1955- 
65 subperiod, but according to the revised 
data (line 1c) was four-fifths as rapid. 
Similarly, according to the unrevised OBE 
data, the capital—output ratio (line 4a) de- 
clined between 1929 and 1948 by 165 per- 
cent more than between 1955 and 1965, 
whereas the revised data (line 4b) indicate 
a 1929-48 decline which was only 36 per- 
cent more than in the latest period. 
monetary control accounts, had never been inventoried, 


and lacked proper identification in the stock records” 
(24, p. 417]. 


The figures in Table 5, then, suggest 
that the decline in the manufacturing 
capital-output ratio between 1929 and 
1948 was not radically faster than during 
recent years, but was at a rate of the same 
order of magnitude, about one percent 
per year. While suggestive, these results 
should not be regarded as final. The revi- 
sions suggested in this paper and in [10] 
correct just two of the numerous defects 
of the OBE capital data, and detailed 
new capital stock estimates will not be 
published until further research has been 
completed. In particular, all previous 
perpetual inventory capital estimates have 
assumed that the service lifetimes of fixed 
assets have been constant over the past 
one hundred years, and the next stage of 
our capital measurement study will explore 
the effects of relaxing this assumption. 


B. Suggestions for Future Research 


The existence of a substantial stock of 
government financed assets used by pri- 
vate firms, particularly in manufacturing, 
suggests a number of interesting topics for 
further research. For instance, the rate of 
return on corporate assets in manufactur- 
ing during and immediately after World 
War II was considerably higher than in 
the 1950’s and 1960’s. While this was 
partly due to high utilization rates and the 
inflation of sales prices relative to asset 
values, a further factor may have been the 
substantial profits earned with govern- 
ment financed assets which did not enter 
into the capital base on which the rate of 
return was calculated. This phenomenon 
may have been especially important in the 
aircraft, shipbuilding, and ordnance indus- 
tries. In an extreme case, a company 
operating only government financed facili- 
ties on a cost-plus-fixed-fee basis could 
have achieved a virtually infinite rate of 
return on its privately supplied capital. 

Government financed assets also present 
interesting research tasks for experts in 
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TABLE 5—EXFECT OF REVISIONS ON THE GROWTH OF ALTERNATIVE GROSS PRIVATE 
CAPITAL STOCKS IN U. S. MANUFACTURING, SELECTED INTERVALS 


(Annual Average Percentage Rates of Growth, With All Series in 1958 Prices) 


1. Alternative Capital Stocks 
a. Old structures deflator, govern- 
ment-financed capital excluded 
b. New structures deflator, govern- 
ment-financed capital excluded 
c. New structures deflator, govern- 
ment financed capital included 


2. Effect of Revisions on Growth Rate 
of Capital 
a. New structures deflator 
b. Inclusion of government-financed 
capital 
3. Gross Manufacturing Output 
4. Capital-Output Ratios 
a. Old deflator, government capital 
excluded 


b. New deflator, government capital 
included 


Sources by Line: 





1929-48 1948-55 1955-65 1929-65 
.67 3.38 2.50 1.70 
1.27 4.18 2.95 2.30 
2.07 4.07 2.56 2.58 
60 .80 45 -60 
-80 —.11 —.39 .28 
3.35 4.80 3.51 3.67 

—2.68 —1.42 —1.01 —1.97 

—1.28 — .73 — 95 —1.09 


la. Gross capital stocks were calculated by the perpetual inventory method, using 
investment data for manufacturing from [27], and using service lifetimes of 40 years for 
structures and 17 years for equipment, with a ‘“‘one-horse shay” retirement distribution. 
Investment deflators are those in [27], which are the same as the structures and equip- 
ment deflators used to deflate investment in the regularly published U. S. National Ac- 


counts (see [6], p. 212). 


1b. Same as 1a, with official structures deflator replaced by the author’s Final Price 
of Structures Index [10, pp. 427-8, column 2]. 

1c. Same as 1b, with the addition of manufacturing expenditures and subtraction of 
manufacturing retirements from Table 4, and the subtraction of the amounts already 
included in the OBE Capital Goods study, as shown in the bottom frame of 


Figure 1. 
2a. Line 1b minus line 1a. 
2b. Line 1c minus line 1b. 


3. 1929-47 from [18, Table D-U, PP- 465-6], linked in 1947 to values from [11, 


Table 2, p. 23]. 
4a. Line 3 minus line 1a. 
4b. Line 3 minus line 1c. 


industrial organization. Do. firms which 
win defense contracts obtain an unfair 
advantage over their competitors when 
they receive government purchased ma- 
chinery, usable not just in defense produc- 
tion, but also in commercial work? And is 
there an unwarranted concentration of 
government defense contracts and atten- 
dant government owned equipment in 
very large firms? 


Finally, this study suggests that the 
Federal Government should attach some 
urgency to the task of constructing govern- 
ment investment and capital accounts. 
The demand by economists for govern- 
ment capital data has not been very high 
in the past, because the absence of mean- 
ingful government output figures has pre- 
cluded productivity studies of the govern- 
ment sector. But the present article sug- 
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gests that many government assets are 
important inputs in the private séctor.% 
In addition to the assets discussed above, 
for instance, much of the apparent decline 
in the U. S. private capital-output ratio 
may have been due to the gradual replace- 
ment of privately owned railroad assets by 
government-owned highways and airports. 


33 Government enterprises are another link between 
government capital and gross private product, since 
their output is included in the private sector, but their 
expenditures on structures and equipment are counted 
as current government spending. For this reason, na- 
tional income originating in government enterprises 
should be excluded from private output in any produc- 
tion function atudy of the U.S. economy. 
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The Cost of the Draft and the 
Cost of Ending the Draft 


By Antuony C. FIsHER* 


Popular concem over our system of mili- 
tary manpower procurement! has been 
stimulated recently by issues surrounding 
the war in Vietnam. Heavy draft calls 
associated with the war have provoked 
studies by the executive branch [12], 
Congress [11] and the mass media, and 
opposition to the system from, among 
others, young men subject to call. 

The current controversy would seem to 
stem from a contradiction in the system. 
In law, every able-bodied male is obligated 
to serve in some capacity, at some time. 
For a variety of reasons, not all do. Since 
college students and those in some of the 
professions tend to be deferred, in some 
cases to the point of virtual exemption 
from military service, it has been alleged 
that the system discriminates against the 
low-education, low-income, underpriv- 
ileged members of society. Accordingly, 
proposals for reform have focussed on dis- 
tributing the service burden in some sense 
more equitably. The National Advisory 
Commission [12] suggests a lottery, with 
names drawn at random. Many people, 
including former Secretary of Defense 
McNamara, have suggested some sort of 
national service program under which 
every young person would be requested 
to serve in some capacity, not necessarily 
military. A system of equivalent service 
might be worked out to include such pro- 
grams as the Peace Corps and Vista as 
well as the Armed Forces. National service 

* The author is assistant professor of economics at 
Brown University. He gratefully acknowledges helpful 
comments and suggestions from Gary S. Becker, Jacob 
Mincer, and a referee. 


l For a discussion of the workings of the Selective 
Service System, see Fisher [5, pp. 72-3]. 
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proposals differ in degree of voluntarism 
envisioned, though most seem to call for 
compulsory service in some form left to 
the individual to decide. 

Some economists, and others, have sug- 
gested a voluntary system of another sort 
—the price system. That is, eliminate the 
service obligation and let the military 
services compete in the labor market for 
volunteers, 

In comparing a price system to a draft 
system, it is important to distinguish be- 
tween money cost to the Department of 
Defense and the general taxpayer on the 
one hand, and real cost to society on the 
other. In a draft system, part of the cost 
of national defense is borne as a hidden or 
implicit tax by the draftee and the reluc- 
tant volunteer. The implicit tax on an 
individual draftee or reluctant volunteer 
is the maximum amount he would be will- 
ing to pay to buy his way out of military 
service. This amount, it may be noted, 
could be less than the difference between 
what he receives in service and the amount 
which would just induce him to volunteer 
for service in the absence of a draft.? The 
difference between civilian and service 
earnings also constitutes a real cost to 
society in the form of foregone output. In 
a price system, the aggregate implicit tax- 
ation implied by a draft system would be 
made into an extra wage bill to the De- 
partment of Defense, and an explicit tax 
on the general taxpayer. 

Further analysis suggests further reduc- 
tion of real costs in a volunteer system. A 


3 For this distinction, the author wishes to thank an 
anonymous referee. For a detailed discussion, see Pauly 
and Wilet, (9, pp. 53-7]. 
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market solution would imply a different, 
presumably more efficient production pro- 
cess within the military. With the price 
of their less skilled labor input up, they 
would tend to employ less of it and sub- 
stitute physical and human capital. Under 
the present system this labor input is, if 
not a free good to the military, at least a 
subsidized good, and this may be expected 
to reduce the incentive to economize in 
its use. 

Another efficiency implication arises 

from the fact that men who enlist volun- 
tarily are more likely to reenlist than 
draftees and draft-motivated enlistees. 
An increase in reenlistments would lower 
labor turnover costs, notably those in- 
curred in the training of recruits. The bet- 
ter motivation of voluntary enlistees, as 
reflected in reenlistment patterns, might 
also be expected to have positive effects 
on productivity. 
_ Less obvious, perhaps, than these ex- 
plicitly specified effects are the effects of 
uncertainty associated with the present 
system. A changing world and changing 
deferment policies operate to keep many 
in a state of uncertainty as to whether or 
when they will be called. This distorts 
the pattern of investment in human capi- 
tal decisions, and perhaps also the pattern 
of marriage and family planning decisions.’ 
Of course, elimination of uncertainty does 
not require elimination of a draft system. 
A draft by lottery at an early age, say 
eighteen, as proposed by the Commission 
[12], would go far to eliminate uncer- 
tainty. 

These, then are the real costs to society 
of the present system of military man- 
power procurement as opposed to a volun- 
teer system: misallocation of resources, 


3 A colleague, in Las Vegas on the day of the an- 
nouncement that men married after midnight (that day) 
would not be deferred, observed the price of a girl for a 
quick marriage ceremony climb to two thousand dollars 
by late afternoon in the local bars. ‘ 


reduced productivity in civilian and mili- 
tary sectors, and distortion of the pattern 
of investment in human capital and family 
planning decisions. 

In Section I we develop a model for the 
supply of enlisted volunteers for military 
service, and derive from it an equation 
that can be estimated statistically. In 
Section II we present and evaluate the 
results of least squares regression estima- 
tion, from time series and cross-section 
data, of the parameters of the equation. 
Tn Sections II and IV the results are used 
to determine the effect of the draft on 
enlistments, and the money cost to the 
Department of Defense and the general 
taxpayer of an all-volunteer force. 


I. A Model for the Supply of 
Enlisted Volunteers 


Enlistment in the Absence of a Draft 


The Individual Decision to Enlist, In de- 
ciding whether or not to enlist in the ab- 
sence of a draft, an individual is deciding 
between the returns to enlistment and the 
returns to some (best) civilian alternative. 
If he enlists, he may expect to receive a 
stream of earnings in the military Wan, 
Wus’ Wun over periods 1, 2,--- 
respectively. If he does not enlist, his 
(best) alternative is a stream of earnings 
in the civilian economy Wo, Wes- 
Won. The returns to enlistment would be 
the present value of the sum over periods 
1 to » of earnings in M (the military), 
and the returns to nonenlistment would be 
the present value of the sum of earnings in 
C (the civilian sector). In deciding whether 
or not to enlist, then, the individual com- 
pares the present value of volunteering 





n Ww, 
(1) Vu = 
ees 
to the present value of not volunteering 
n Wo; 





2 Ve = 
n KETI 
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Earnings in this discussion in principle 
include nonpecuniary, or psychic, as well 
as pecuniary components. The influence 
of the nonpecuniary on the supply of 
volunteers will be made explicit in the 
next section. At. this point it is sufficient 
to think of it as included in the Wu, and 
Wo, 

Some modification of the present value 
stream Vy seems to be indicated by em- 
‘pirical considerations. Few servicemen re- 
enlist, and fewer still remain in service for 
20 years, the minimum necessary to qual- 
ify for a pension.4 Vy then becomes ap- 
proximately 


5 Wu, W uo , 
gr (1i) an (1 + af 


where W xo, is the jth period earnings in 
the civilian economy of an individual who 
served one term (periods 1, 2, ---m, 
m<n) in the military. If the time period 
units are years, Vw can be rewritten as 


L Wu; a Wye; 
$ f 
2 arp 2 Tri 














Some recent evidence suggests that 
Wuoj~We,, ie., that there is little dif- 
ference in earnings of veterans and non- 
veterans.* If true, this leads to a simplifi- 
cation in the specification of the enlistment 
model. If 


‘Department of Defense. All data on military man- 
power and military pay are from the Department of De- 
fense, unless otherwise noted. 

5 Gilman [6] reports the results of an attempt to com- 
pare earnings of veterans and nonveterans. Earnings are 
compared for veterans and nonveterans only in the 
same age and education classes. College graduates are 
not considered, but the omission may not be significant, 
as relatively few former enlisted men are in this class. 
In any case, Gilman’s data, represented in age earnings 
profiles, shows a similar pattern for all education classes 
considered, Earnings of nonveterans are a few percen- 
tage points (perhaps as many as 12) higher than earn- 
ings of veterans at the youngest ages, but the differential 
steadily narrows until, at about age 45, it vanishes. 
Thereafter, earnings of veterans tend-to be slightly 
above earnings of nonveterans. 


> Wc, w = Wa, 

ga (Hi ja (1 +08 

the enlistment decision would be based on 
a comparison of 

















Wu; 3 We, 
with —— 
za (1 +i) 2 (1 + 4)7 
In comparing 
Wu; ~ Wo, 
and 
x (1 + 4)! x (+49 


note that discounting is important only if 
the time patterns of returns in M and C 
differ significantly. In fact, earnings in- 
crease monotonically over the first three 
years in both sectors, providing some 
justification for neglecting discounting 
over the three-year enlistment period. If 
discounting can be neglected over this 
relatively short period, it is possible to 
simplify still further. The decision to en- 
list would then be based on a comparison 
of 


3 3 

Wu = 2 Wu, and Wo= L Wey 
j=l jml 

with enlistment taking place if Wu >We. 

The Aggregate Enlistment Rate. The 
number of volunteers depends, therefore, 
on the distribution of civilian alternatives 
We. In order, then, to say something about 
the aggregate supply of volunteers, it is 
helpful to know something about the dis- 
tribution of We. 

Since We has been defined to include 
both money and psychic income, an indi- 
vidual can be said to enlist if Wu>We 
+dWc, where Wx is redefined as money 
earnings in M, Wo as money earnings in 
C, and d is a coefficient measuring the taste 
or relative preference for military service. 


*Money earnings in this formulation include all 
forms of material compensation such as the room and 
board provided most in the military, as distinguished 
from psychic compensation 
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That is, if d0, an individual would not 
be indifferent between M and C if money 


earnings in M just equaled those in C, but . 


would require some compensating differen- 
tial. If, for example, he receives more 
psychic income in C, d>0, and he would 
enlist only if he receives money earnings in 
M greater at least by dWc than those he 
could receive in his best alternative in C. 

Now, what can be said about the dis- 
tribution of civilian alternatives, i.e., the 
distribution of money earnings in C(We) 
and the distribution of tastes for military 
service (d)? Some evidence suggests that 
the distribution of earnings is approxi- 
mately lognormal, i.e., the distribution of 
earnings is unimodal and skewed to the 
right, and the distribution of the log of 
earnings is approximately normal.’ Less 
is known about the distribution of relative 
preferences, or tastes for military jobs 
versus civilian. One source of information 
is the response of a large sample of male 
high school seniors in the Project Talent 
study to a question on attitudes toward a 
military career. The distribution of tastes 
for military service, as read from this re- 
sponse, is shown in Table 1. 


TABLE 1—Arrrropes TOWARD A MILITARY CAREER 





Attitude Percent 
like very much 14.0 
like fairly well 20.3 
indifferent 23.1 
dislike a little 12.0 
dislike very much . 30.6 





Source: Project Talent: The American High School 
Student, University of Pittsburgh, 1964, p. K-16.8 


1 Aitchison and Brown cite studies indicating that 
“the more homogeneous the group of income recipients 
is the more likely is the lognormal curve to yield a good 
description of the income distribution; this is again 
more nearly true if the income is derived from a single 
source (if for example it consists entirely of earnings 
from employment)” [1, pp. 116-118]. 

® Project Talent [13] is a report on a study of the back- 
grounds, abilities, and educational and career piana of 
American high school students, 


The percentage in the table may be 
interpreted as evidence on the distribution 
of d. Each attitude may be represented by 
a number (d) that, when multiplied by 
civilian earnings potential (Wc) gives the 
compensating differential (dWe) that 
would induce enlistment. Thus, the atti- 
tude of “dislike very much” corresponds 
to a relatively high value of d, whereas at 
the other extreme “like very much” cor- 
responds to a low, or even a negative, 
d-value. 

It would seem, at a first reading, that 
the distribution of d-values among the 
respondents is bimodal, with one peak in 
the center and another in the upper tail. 
This interpretation may be modified by the 
following line of reasoning. The extreme 
upper tail option “dislike very much” is 
apparently associated with one mode of 
the distribution, This attitude, unlike the 
other (“indifferent”) associated with a 
mode, may embrace widely varying d- 
values. For example, a payment by the 
military of perhaps twice their civilian 
wage might outweigh the unpleasantness 
of serving for some by enough to induce 
them to volunteer, whereas others could 
not be adequately compensated even with 
three or four times this amount. If there 
does exist some such distribution of d 
within the extreme class, this is an argu- 
ment for representing the class by more 
than one point on the axis of tastes (d 
values). The distribution of d could then 
become unimodal and it would be skewed 
to the right. 

Consider now the distribution of 
(We+dWo), and observe that 


(3) WotdWo = Wo(1 + d), and 
(4) In [Woitd)| = In Wott. 


As noted above, in Wo is approximately 
normally distributed. If d is unimodal and 
® In (i+-d) is defined for —1<d< œ. The restriction 


is however, not serious, as d<S—1 would correspond to 
an individual volunteering for Ww <0. 
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positively skewed, then (1+4) is also, 
and /#(1-+-d) would be more symmetrically 
distributed. We might assume it is approxi- 
mately normally distributed. If We and d 
are not related, In[We(1+é)]=In Wotln 
(1+4) would be normally distributed, 
since the sum of two independent normally 
distributed variables is itself normally dis- 
tributed. 

Any given value of Wx would cut off 
some part of the distribution of We(1+d), 
or, any given value of in Wx would cut 
off some part of the distribution of 
[in We+In(1+d) |. It has been presumed 
earlier that all in the eligible population 
for whom War>Wc (1+4) would enlist. 
More precisely now, the proportion of the 
eligible population that would enlist, 
which measures the aggregate supply 
curve to the military, is given by the 
area under the normal curve of [in We+ln 
(1+d)] to the left of In Wa. Equivalently, 
the supply of enlistments is given by the 
value of the cumulative distribution func- 
tion of [In Wetdn (1+d)] at In W x. 

Some inferences about the elasticity of 
this aggregate supply curve can be made. 
In a mathematical appendix, we show that 
the elasticity increases for 0<In Way 
< [in Wet/n(i+d)]*, where * denotes 
some point (that depends on w and a, the 
_ expected value and standard deviation of 
[in W ot+l(1+d) |) between p/2 and u, and 
decreases for In W u> [In Wet+in(1+d) ]*. 

For purposes of statistical estimation, 
we would like to write the enlistment rate 
as a simple function, consistent with the 
behavior of the elasticity function over a 
relevant range, of In Wy, and the mean 
and standard deviation, » and ø, of the 
distribution of |In We+/n(1+d)], the main 
determinants of turning points. In symbols 
we have equation (5), 


5 a In W 
(5) p ale Was so] 


where E=enlistment, P=population and 
E/P =the enlistment rate. 

We first assume that om wy4ma+a, & Mea- 
sure of relative variation in the distribu- 
tion of Wce(1+d), has remained constant 
over time. 


2 
Tin Wein (144) 


(6) 


2 2 
= Ola Wo F Cin (4a) + 20m We in O+d) 


Considering the terms in equation (6), note 
that the distribution of tastes (c* masa) is 
conventionally assumed constant for pur- 
poses of economic analysis, and the rela- 
tive variation in the distribution of civilian 
earnings (o*1, wo) varied only slightly over 
the period of the empirical analysis. Again 
assuming Wc and d to be independent, the 
covariance term (20m wolni) vanishes. 

We do not assume that the mean of the 
distribution, tin wo+mna+, has remained 
constant, but the expression may be 
simplified. 


(7) Bin Wepin (14d) = Min Wo F Bin (144): 


Again assuming no change in the distribu- 
tion of tastes, pina, a Measure of average 
preference for military service may be 
neglected leaving um wọ aS a variable de- 
terminant of enlistment. 

These simplifying assumptions make it 
possible to rewrite (5) as 


: = f(t 
(8) > = f(in War, Hin we) 


The mean of the lognormal distribution of 
We(um wo) is just equal to the median of 
the distribution. And since the operation of 
taking logarithms leaves the median of a 
distribution unchanged, the median of the 
distribution of In We is just equal to the 
logarithm of the median of the distribution 
of We. More concisely, 


(9) Bin Wo = nWo = In We, 
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where ~ denotes median, so (8) becomes 
E m 
(10) mi Jln Wu, In Wo). 


We are now prepared to move from the 
general functional notation of (5), (8), and 
(10) above, to a specification of the func- 
tional form of the relation between E/P, 
In W u, and In We. The specified function 
should be as simple as possible, consistent 
with the elasticity properties derived 
earlier. The linear function 


E 
(11) re Wu + Br! In Wete 


in which e contains random variations in 
tastes, etc., unrelated to In W u or In We, 
satisfies these conditions. Its simplicity 
needs no elaboration, and the resulting 
equation to be estimated will be shown 
further on to be consistent, over the rele- 
vant range, with the elasticity properties. 
However, in the form of equation (11), the 
linear function is consistent with the model 
from which it is derived only in the special 
case Bf = —8{. To see why this is so, con- 
sider the model, in which the enlistment 
rate is determined by the level of military 
earnings vis-à-vis the distribution of 
civilian earnings. If Wy and Wo are both 
increased by the same percentage amount, 
with the standard deviation unaffected, 
the enlistment rate is unaffected, since 
In Wu and In We both increase by the 
same absolute amount. Suppose Wx and 
We are doubled. Then 


E 
(12) p eRe) 
+ Bi! In (2We) + e 
(13) =a! + pr ln Wu + 8! In We 


+ (Bt +8/) m2+e 


E/P in (13) equals Z/P in (11) only if 
Bi +8: =0, i.e., only if Bf =—8/. Hence 
we rewrite (11) as 


E 
(14) pat +B In War — Bi In We +e 


E 
See in (Gt) +e 


Some modification of (15) may be re- 
quired to take account of an element of risk 
associated with earnings in the civilian 
economy: the chance of being unemployed. 
In principle Wo could be median earnings 
of all workers, including the unemployed. 
If so, no modification would be required, 
but if We is median earnings of full-time 
employed workers, then unemployment 
must be introduced explicitly. Expected 
Civilian earnings, adjusted for the chance 
of unemployment, could be represented as: 


(16) Wot = peWe + pus, 


a weighted average of earnings of full-time 
employed workers We and earnings of 
unemployed workers Wu, the respective 
weights being $. the probability of being 
employed and u the probability of being 
unemployed. Since both #, and Wu are 
very small (W, may be zero), the product 
«Wu makes a negligible contribution to 
Wo*, and may be neglected in the expres- 
sion for Wc*. Equation (15) now becomes 


ee w 
an = ete m(t 


where Wot= pW c. 


Enlistment with a Drafi 


In the preceding sections we have speci- 
fied a model of the individual decision to 
enlist and the aggregate enlistment rate in 
a free labor market, i.e., in a market with 
no compulsory military service or draft 
system. In this section the draft is intro- 
duced as an additional determinant of the 
supply of volunteers for military service. - 
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It is introduced explicitly through its 
effect on expected earnings in the civilian 
economy, or more correctly, expected 
earnings associated with a decision not to 
enlist. It will be recalled that Wcet=),We 
has been defined as expected earnings in 
the civilian economy in the absence of a 
draft. But if some proportion of those who 
elect to remain in the civilian economy will 
be taken into the military, then expected 
earnings in the civilian economy are a 
weighted average of civilian and military 
earnings. The expected wage associated 
with a decision not to enlist may be repre- 
sented as: 


(18) Wo’ = p.Wor + paWaurr, 


a weighted average of expected civilian 
earnings Wo* and military earnings Wx, 
the respective weights being ~., the proba- 
bility of remaining a civilian, and pz, the 
probability of being taken into the mili- 
tary. 

Equation (17) of the last section can be 
rewritten taking account of the draft, 
using (18) above, as: 


E W 
(19) Sa! + Bln (G) Fe 
Wu 
= 7 + 1 l 
(20) Sy gn ae + = 
+e 
Wu 
=o + Bi In (<a) 
(21) ‘ i Pop W o + paW u 
+e 
Some manipulation of (21) yields 
o) = = 
= 


Wo 
a’ — By (in bo + in pe + in) +e” 
Wu 


10 The implicit assumption is made that the draftee 
and the volunteer receive the same compensation (War). 
u Full details are given in Fisher [5, p. 24]. 


To make this expression operational, 
fo and p. must be defined in terms of ob- 
servable quantities. Let 


(23) fo = 61 (1 — £y. 


where A =enlistments plus inductions, or 
total accessions into the military (in a 
given period) and P=the eligible popula- 
tion, as in the denominator of the depen- 
dent variable. A/P, the “accession rate,” 
is a measure of military demand in the 
civilian labor market. pe the chance of 
remaining a civilian, is supposed to be a 
function of this demand. This, it may be 
noted, is a more general formulation than 
would be obtained by setting p,=1—A/P, 
ie., by setting ôı=ô:=1. Thus, pe may 
represent some longer run concept than 
the current level of military demand, but 
as a first approximation, at least, is some 
function of this demand. One might object 
that inductions, and not total accessions, 
should be used to measure the effect of 
the draft on potential enlistees. But use of 
the induction rate could lead to bias in the 
estimation procedure. Suppose conditions 
of military service become more attractive. 
The enlistment rate will rise, but at a given 
level of manpower strength the induction 
rate must fall. Thus, enlistments could be 
spuriously negatively related to induc- 
tions. The same result follows from a 
worsening of conditions of service; the 
enlistment rate falls, but at a given level of 
strength inductions rise. Any coefficient 
obtained to measure the relationship be- 
tween inductions and enlistments is likely 
then to be an underestimate of that rela- 
tionship. Inductions may indeed affect 
enlistments, but enlistments may, as indi- 
cated, affect inductions. The desired level 
of manpower, the accession rate, is how- 
ever determined exogenously by the De- 
partment of Defense and enlistments (and 
inductions) may then be affected. 
Similarly, let 


246 THE AMERICAN ECONOMIC REVIEW 


(24) p= ni(t — U, 
where U=the unemployment rate in the 
eligible population. 

Substituting (23) and (24) in (22) yields, 





upon further manipulation, 
E Wo 
— =a + ĝln + Ba ln (1 — U) 
P Wu 

(25) 


+ Balu ( — =) +e 
P 


The possibility of least squares bias in 
the estimation of the parameters of (25), 
treated above for accessions, also’ arises in 
connection with earnings and unemploy- 
ment. To the extent it exists, it may be 
removed by the use of lagged values to 
measure earnings and unemployment. The 
use of lags is suggested, further on, by 
other considerations as well. 

To obtain elasticities from the coeffi- 
cients in equation (25), a simple transfor- 
mation is needed. By definition, 


d(in y) 
d(in x) 





(26) elasticity £ = 


(27) eae 


If y=at+b In x, the coefficient (b) equals 
‘dy/d(In x). Hence, the elasticity is given 








(28) Mi = ay ee 
y dinaa) y 
(29) M d(in y) 
d(in x) 


Note that the elasticity is not constant, 
but varies inversely with y; the smaller y, 
the larger the elasticity, the larger y, the 
smaller the elasticity. 

Recalling. our earlier discussion of the 


™ Full details are given in Fisher [5, p. 26]. 


behavior of the elasticity function at 
various points along a supply curve de- 
rived from normal distributions of civilian 
earnings and tastes for military service, 
it is seen that the (semi-log) linear approxi- 
mation (eq. 11) is valid if In Ww is greater 
than In We, and also if In W u is not very 
much less than Js Wc; i.e., the approxima- 
tion is valid if In Wy>InWo/2+A, where. 
A depends on the mean and standard de- 
viation of In We." The inequality is satis- 
fied over the range of projected observa- 
tions. 


Il. Empirical Resulis 
Time Series: The Data 


Time series data are used to estimate 
the parameters of equation (25), derived 
at the end of the preceding section. In a 
simple least squares regression, the follow- 
ing empirical measures of the specified 
variables are used: 


(a) =) the Enlistment Rate 
Potential enlistees are given an aptitude 
test, and on the basis of this test dis- 
tributed into five “mental categories,” 
No enlistments are accepted from category 
V, the lowest, and only a few, determined 
by demand, from category IV, the next 
lowest. There is no official limitation on 
enlistments from categories I, II and IMI, 
which are then used in our estimation pro- 
cedure. The population base for enlist- 
ments is the population of male civilians, 
age 17-20, from which 85-90 percent of 


This statement is strictly correct only for tanya) 
=0, or alternatively, for ug=0, Evidence on the distri- 
bution of d from Table 1 above suggests that these 
equalities are at least approximately satisfied. 

M4 At the beginning of the time series (3rd quarter 
1957), We was $2,333 (annually) and War $2,290. At 
the end of the series (3rd quarter 1965), the figures were, 
respectively, $3,292 and $2,628. With the end of the 
draft, projected values for Wu and Wg involve an in- 
crease in Wy relative to Wo such that Was > We. Sources 
for these figures and projections are discussed in Sec- 
tions IT and IV below. 
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enlistments are drawn. The population 
series is from Current Population Reports, 
(CPR), which present annual observa- 
tions. Estimates of quarterly observations 
are obtained by linear interpolation. 


(b) Wu , 


Earnings of first-termers in the military 
have varied very little over the period of 
analysis, and indeed, over a period stretch- 
ing back to World War II. Two or three 
small increases, in recent years (1964, 
1965), have imparted an upward trend to 
an otherwise unvarying series. Wy in- 
cludes basic pay, quarters and subsistence 
allowances, and an imputed value of medi- 
cal services. 


(c) We, 


Median civilian earnings are represented 
by the median income of year round, full 
time male workers, ages 14-19 and 20-24. 
While median earnings would be prefer- 
able, the lack of an appropriate earnings 
series is probably not significant, as the 
income of the above includes relatively 
little property income. Of course, the 
youngest enlistees are 17, so the earnings 
of 14-16 year-olds are not immediately 
relevant to an enlistment decision. But 
since income of only year round, full-time 
workers is reported, and most 14-16 year- 
olds are in school, the incomes of 17-19 
year-olds probably dominate the incomes 
of. year-round, full time workers age 14-19. 
For a typical enlistment, say into the 
Army at age 18, an individual would be 
foregoing about two years of civilian earn- 
ings before age 20 and a year of civilian 
earnings after age 20. Accordingly a weight 
of # is given to 14-19 and 4 to 20-24, in 
constructing each observation on We. The 
income series are from CPR, which present 
annual observations. Estimates of quar- 
terly observations are obtained by linear 
interpolation. 


(d) VU, 


Military Earnings 


Median Civilian Earnings 


the Unemployment Rate 


The unemployment rate is the rate for 
all males, age 18-19. This series is from 
unpublished Bureau of Labor Statistics 
figures. 

= he A ion R 
(e) = the Accession Rate 

Since the accession rate is used to mea- 
sure the effect of the draft on enlistments, 
accessions are related to the population of 
potential enlistees—the population used 
with enlistments to give enlistment rates. 

The period of analysis runs from the 
third quarter of 1957 through the fourth 
quarter of 1965. The period before fiscal 
1958 (third quarter calendar 1957) was 
passed over due to a quota system in the 
few years preceding fiscal 1958 which re- 
quired minimum percentages of category 
TV’s accepted by the services. If enforced, 
and evidence from enlistments rates indi- 
cates that it was, this system might well 
have resulted in rejection of volunteers 
from categories I, II, and III, or at least 
in their less active recruitment. Another 
reason for excluding the period before 
1957 is that the Navy drafted about 30,000 
men in fiscal 1956, obscuring the enlist- 
ment picture for that year. 

Quarterly, rather than monthly or 
yearly observations, are taken. Since the 
period considered extends over only eight 
and one-half years, and the model specifies 
three independent variables, clearly an- 
nual observations would provide too few 
degrees of freedom for reliable estimation. 
Monthly observations, on the other hand, 
might be subject to excessive variation 
from random and institutional sources, 
introducing erratic factors into the model. 
Dummy variables are introduced to adjust 
the model to seasonal patterns in the flow 
of enlistments. A dummy variable for each 
season is introduced, the most important 
of these being the summer dummy due to 
the heavy influx of new high school grad- 
uates over the summer months. 
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Time Series: Results 

Results of the estimation of the param- 
eters of equation (25) are presented, with 
some explanation, in equation (30) below. 


E Wo 
— = 00751 — .00709 In (= 
P Wu 


(00324) 
~ 90891 im ion 
(0101 
A 
— 312 In (: _ =) 
(30) (.041) P 
00133 SP + .00254 SU 
~ ([00069) | (,00065) 
00196 A 
~ (60056) - RP = 90 
(a) In(We/Ww) and In(1—U) are lagged 
one period. 


(b) SP, SU, and A are seasonal dummy 
variables for spring, summer and 
autumn respectively. 

(c) The figures in parentheses are stan- 
dard errors. l 


Using equation (28), we may calculate 
elasticities from equation (30). For ex- 
ample, the elasticity of enlistment re- 
sponse (at the mean enlistment rate) to 
earnings is about — .46. 

The use of lagged earnings and employ- 
ment variables is suggested by both the- 
oretical and data considerations. Since 
some time may be required to adjust to 
changing conditions affecting the enlist- 
ment decision and the period units of 
analysis (quarters) are fairly short, it may 
be, for example, that enlistments in period 
(#) depend on earnings in period (¢—1). 
Earnings, however, tend to increase mono- 
tonically and slightly from period to 
period, making earnings in period (#) 
nearly the same as earnings in period 
(¢—1). Of course, this behavior of the 
earnings series is partly due to our treat- 
ment of the data, in which quarterly ob- 


servations are obtained by interpolation 
from an annual series. The annual observa- 
tions themselves tend to increase mod- 
erately though not, of course, as regularly 
as the interpolated observations. Hence, 
we are not surprised to find virtually no 
difference in size or significance of the re- 
gression coefficients associated with lagged 
and current earnings. Unemployment rates 
are more volatile, and unemployment in 
the lagged form is found to bear a closer 
relation to enlistments. Again, this may 
be explained by the time taken to adjust to 
changing labor market conditions, as well 
as the possible least squares bias noted 
earlier. 

Before calculating from equation (30), 
the effect of the draft on enlistments and 
the money cost to the Department of 
Defense of ending the draft, we develop 
from cross section data some corroborating 
estimates of supply parameters. 


Cross-Section 


‘In [2], Altman estimates, from cross- 
section data, parameters of an equation 
similar in some respects to (25). 


In R = 493 + 379 In Y 


(3.66) 
(31) + 190 In U — 101 in N 
(4.02)  (—3.85) 
R? = .86 


in which R=the enlistment rate, Y=the 
ratio of military earnings to (average) 
civilian earnings, U=the unemployment 
rate, and V=the percentage of nonwhite 
males. The figures in parentheses are t- 
values. 

In an attempt to take account of draft 
pressure, Altman uses an attitude survey 
to separate out the mainly draft-induced 
from all (I-III) enlistees. Another equa- 
tion, relating the same independent var- 
iables to “genuine” enlistments only, is 
estimated as 
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in Z = — 807 + .813 Y 
i (2.13) 
+ 344 U — 004. N RY = .69 
(1.97) (—.04) 

Since the coefficients of (31) and -(32) 
are (constant) elasticities, it is seen that 
the earnings elasticity in (31) is close to 
that in (30), and both are below that in 
(32). The elasticities in (30) and (31) are 
for earnings with respect to enlistments 
with a draft; in (32), for earnings with re- 
spect to enlistments without a draft. As 
noted earlier, we intend to use equation 
(30) to derive an estimate, based on ob- 
served behavior, of the effect of the draft 
on enlistments, and in the same process, 
of the level of military earnings required to 
attract any number of volunteers. But 
first, using the attitude survey result of 
38 percent draft-induced enlistees, we 
calculate from equations (28) and (30) 
an earnings elasticity at the mean enlist- 
ment rate without a draft, as about —.74. 
This is close to the ~.81 in (32), so that 
time series and cross-section estimates of 
the effect of changes in earnings on enlist- 
ments, with and without a draft, are in 
agreement, 

A property of equation (25) noted ear- 
lier is that elasticity would be relatively 
large with a relatively small proportion of 
the population already enlisted, and rela- 
tively small with a relatively large propor- 
tion of the population already enlisted. 
Thus, elasticity of enlistments without a 
draft is (absolutely) larger (—.74) than 
elasticity of enlistments with a draft 
(—.46), since the proportion of the popula- 
tion enlisted is smaller. 

An alternative form for a supply equa- 
tion with this property is developed in [2] 
and [7]. This “complement” equation, in 
which elasticity £= —b(1—Z/Z), where b 
is the regression coefficient and Z is the 
enlistment rate, is estimated from cross- 
section data as 


In (1 — Z) = 5.03 — .109 ihn Y 
(—3.59) 


— 035mnU Ri =.73 
(~1.90) 


(33) 


Earnings elasticities with and without a 
draft are .44 and .81 respectively, in agree- 
ment with both cross-section constant 
elasticities and time series elasticities. 

A further test for the model and equa- 
tion of Section I is provided by the cross- 
section data. In addition to the above com- 
parison of time series and cross-section 
results; we apply equation (25) to the 
cross-section data, and estimate 


E 
— = — .105 — .098 In (<<) 


ai (—3.28) \ Wu 
— 2261n (1— U) RP = .67 
(—1.47) 


The significance of the coefficients, as 
measured by the #-values in parentheses, 
and the magnitude of the coefficient of 
determination, are nearly the same as for 
the complement equation (33). Earnings 
elasticities with and without a draft are 
—.49 and —.82 respectively, in agreement 
with all other estimates. 


ILO. The Effect of the Draft on Enlistments 


Evidence from an attitude survey has 
been cited as suggesting that as of 1964 
about 38 -percent of all volunteers are 
draft-induced. We now use equation (30), 
estimated from time series data, to calcu- 
late the percentage of draft-induced volun- 
teers. We do this by using the equation to 
predict the effect on the enlistment rate 
of a change in the induction rate. Recall 


eee (=) 
pe © i Wu 
(35) ` + bp in (1 — U) 


+ bein} i é 
Z sIn ( -5); 
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where b1<0, ba<0 and 3;<0. 


Then 
E We 
— =g -+ biln (=) 
P Wu 
(36) 3 
+ bain (1 = U) ~ 1,(5) 
since 


A A 
mn(1-<)~-4 
P 


A. 
for —close to 0. 
P 


E ee Cy. 
neers 
P 1 h Wu 


(37) + bs In (1 — U) 


hy 














38 ba 
(38) 





Suppose the induction rate I/P is set 
equal to zero, its value if inductions were 
eliminated. The enlistment rate E/P in 
equation (38).is reduced by the amount of 
the term [(—0s/1+63)(I/P) |, which drops 
out of the equation. The average enlist- 
ment rate is 0.153 and the enlistment rate 
calculated from equation (38) (with 
[(—b:/1+3)(1/P) ]=0) is .0117, a reduc- 
tion of about 24 per cent. 

This is less than perfectly consistent 
with the 38 percent reduction implied 
by the attitude survey. Possible explana- 
tions of the apparent discrepancy are: (1) 


18 We ignore the relatively (in comparison with I-III 
enlistments (E/P) and inductions (7/P)) small number 
of mental group IV enlistments. 


Attitude survey response is in general 
unreliable and may here lead to an overes- 
timate of the effect of the draft on enlist- 
ments. Error typically accompanies the 
reporting even of items, such as consumer 
income, capable of exact evaluation and 
representation. It might be expected, then, 
that response to a subtle question of moti- 
vation, and for an action (the decision to 
enlist) taken: perhaps several years prior 
to the time of the question, is likely to be 
still more subject to error, still less reliable. 
It is conceivable, for example, that the 
draft (as motivation for enlistment) repre- 
sents a convenient catch-all or excuse. 
This would be especially true for those 
unable to realize original hopes or objec- 
tives in enlisting, a failure perhaps diff- 
cult to admit. (2) Prediction from a re- 
gression line is associated with increasing 
error as the difference between the pro- 
jected value of the independent variable 
and its mean increases. Thus, the coeffi- 
cient —b;/1+-d, may reliably predict the 
effect on the enlistment rate of small move- 
ments around the mean induction rate, 
but not of a change of 100 percent (drop 
to zero) in the rate. Nothing is implied 
about the direction of error, but caution is 
suggested in interpreting the predicted 
enlistment rate. (3) While a drop to zero 
in the induction rate could be and has 
been interpreted as elimination of the 
service obligation, legal elimination might 
have a stronger effect on the enlistment 
rate. An induction rate equal to zero could 
leave some potential enlistees uninfluenced 
(at least for some time) by the draft, but 
others might prefer to enlist, given the 
persistence of the obligation.‘ 


18 Sp=Su V1 +1/n+(2p—2)4/ >, (2-2), where Sp is 
the standard error-of prediction, S, is the standard devi- 
ation in the distribution of the residual, x,is the projected 
value of the independent variable, and #, its mean. 

47 This distinction would become leas important if the 
induction rate continued over many periods to remain 
at zero. 
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IV. The Cost of Eliminating the Draft 

As indicated, an induction rate (in equa- 
tion (38)) equal to zero would imply some 
decrease (24 percent) in the enlistment 
rate. The question now emerges: what 
would be required, in the absence of a 
draft, to generate the desired enlistment 
rate? More specifically, what increase in 
military earnings would be required to 
generate a voluntary enlistment rate suffi- 
cient to maintain desired levels of Armed 
Forces strength? An answer to this ques- 
tion is obtained from equation (38) by 
substituting the desired value of E/P, 
along with projected values of We, U, 
and I/P, and solving for Wy. 

As a first approximation to the desired 
value of E/P, the accession rate A/P, 
which measures total inflow of genuine 
volunteers, draft-induced volunteers and 
draftees, might be suggested. But one 
source of reduced costs in a volunteer 
system would be improved retention. 
Higher reenlistment rates imply not only 
a reduction in resources currently em- 
ployed in training activities, as noted in 
the induction, but also a lower rate of 
accessions to maintain force levels. Oi [7] 
cites Air Force studies showing higher re- 
enlistment rates for genuine (as deter- 
mined by attitude survey response) than 
for draft-induced volunteers. Even if atti- 
tude survey response is considered unre- 
liable, it is nonetheless true that reenlist- 
ment rates are higher for all (genuine and 
draft-induced) volunteers than for draftees. 
On the basis of these differences in reenlist- 
ment rates Oi has calculated that, to 
maintain a force of 2.65 million men (ap- 
proximately the level for 1957-65 and 
presumably the desired peace-time level), 
accessions in an all-volunteer system need 
only be about seven-tenths (.707) of ac- 
cessions in a draft system. The enlistment 
rate substituted into equation (38) is then 
the average accession rate for 1957-65 
adjusted by a factor of .707 to reflect the 


expected change in reenlistment rates in a 
volunteer system. 

Median civilian earnings have been ris- 
ing over time, so the latest value in the 
series is more relevant than, say, the aver- 
age in determining the effect of any action, 
such as elimination of the draft, taken now 
or in the future. Accordingly the latest 
observation on We (end of 1965) is sub- 
stituted into equation (38). The unem- 
ployment rate, on the other hand, fluc- 
tuated considerably over the period 1957- 
65, and in the absence of a clear trend, the 
average rate is the projected rate. The 
induction rate is set equal to zero, as 
enlistments are no longer motivated by 
inductions. 

Substituting the indicated values for 
E/P, I/P, We, and U into equation (38), 
we calculate the required increase in War 
as $2105 per year (above Wy in late 1965). 
In a military force of 2.65 million men, 
about 2.3 million are enlisted, and of these, 
about half, or some 1.15 million, are first- 
termers. If the increase were to go to first- 
termers alone, the extra wage bill would 
come to $2.42075 billion (annually). Yet, 
pay raises of this magnitude ($2105 per 
year) would result in a wage structure in 
which first-termers were earning more than 
many trained experienced servicemen. 
To forestall probable associated disecono- 
mies (low morale, low reenlistment rates) 
the increase could go to all enlisted men, 
thereby preserving the structure of dif- 
ferentials. The extra wage bill would then 
simply be twice the increment to first- 
termers, or $4.8415 billion. 

The absolute value of the earnings- 
elasticity at the enlistment rate associated 
with current military earnings in equation 
(38) is about .60. At the rate associated 
with military earnings required to main- 
tain a force of 2.65 million men, it is about 
43. The rate of decrease: would appear to 
be moderate, suggesting that marginal in- 
creases in desired size of force would not 
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require increases in military earnings of 
an order of magnitude much greater than 
indicated above. 

Modifications of the calculated wage 
increase are, of course, possible, given 
changes in the values of either or both of 
the independent variables (We and U). 
For example, while the unemployment 
rate for 18-19 year-old males averaged 
around 16 percent over the period 1957- 
1965, it dropped to near 10 per cent in the 
fourth quarter of 1965. Accordingly, an 
unemployment rate of 10 percent can be 
substituted into the equation, making the 
required increase in military earnings 
$2489 per year and the extra wage bill 
$5.7247 billion. Or, suppose civilian earn- 
ings continue to increase. To measure the 
sensitivity of the required change in mili- 
tary earnings to an increase in civilian 
earnings, let We rise from $10,000 (over 
the three-year enlistment period) to 
$11,000, probably about right as of the 
fourth quarter of 1967. Then, the required 
increase in War is $2579 per year, and the 
extra wage bill $5.9317 billion. If both 
unemployment and (civilian) earnings 
change in the directions and magnitudes 
indicated, the required increase in military 
earnings is $3000 per year and the extra 
wage bill $6.9 billion. 

The effect of a given percentage change 
in civilian earnings is considerably greater 
than the effect of the same percentage 
change in unemployment. This is a con- 
sequence of the relatively weak relation 
between unemployment and enlistments. 
If the estimated relation is for some reason 
an underestimate, as suggested perhaps 
by the cross-section findings, the required 
increase in military earnings (and the ex- 
tra wage bill) associated with a fall in 
unemployment would be greater than 
indicated above. 

To sum up, given the projected values 
for enlistments, population, earnings and 
unemployment, the additional money cost 


to the Department of Defense of an all- 
volunteer force would be not more than 
five to seven and a half billion dollars 
annually. Recalling the introductory 
arguments it may be seen why five to seven 
and a half billion dollars is considered an 
upper bound. A more economical use of 
resources by the military, and a reduction 
in their training costs, both implied in a 
volunteer system, would reduce the pro- 
jected tax increase. Increased output and 
earnings in the civilian sector, also implied 
in a volunteer system, would benefit some 
young men directly (the increased earn- 
ings), and the general taxpayer indirectly, 
through tax revenues generated by the 
increased earnings. 


APPENDIX 
Let 
xz = n Wu 


and the cumulative distribution function 
= the enlistment rate 
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where £=elasticity of y with respect to x. 
We are interested in the behavior of & at 
various points along the curve, i.e., in the 
effect on ¢ of changes in x. By differentiation 


dy dy dy\? 
yr fey —_— xis: ernst 
(1) ô dx dx? dx 


ox y? 





Since y*>0, only the numerator of (1) need 
be considered in determining whether £ de- 
creases, is unaffected, or increases with in- 
creases in 2. 


18 Fechter [3, p. 30] estimates the additional cost of 
attracting officers in the absence of a draft as $.42 bil- 
lion, - 
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Substituting (2) and (3) in (1), we get (4) 
and (5). 
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We show that G(x), is positive at x=0, 
increases to a maximum at x=, and be- 
comes negative at #<x<p. If x=0, 
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Since p/o>+W/x/2 in the distribution of 
civilian earnings of relatively homogeneous 
earners, young men of miitary age,!® G(x) is 
negative at x—u. 

We have evaluated the function G(x) 
for various values of x. We now consider 
more general behavior of G(x). 
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Since d£/dx behaves like G(x), in particu- 
lar num ð¢/ðx = g(x) - G(x), where g(x) = 
(1/2x0%)e-#", E increases for 0<x<u/2, con- 
tinues to increase for x>y/2 until some x in 
the interval from 4/2 to u, and decreases as 
x increases beyond this point. 


3 From figures compiled at the Institute for Defense 
Analyses by J. House, “$3500 and the difference be- 
tween 80th and 20th percentile earnings$1800. As- 
suming a distribution approximately normal over this 
range, 1.68 o=$1800, so o=$1071 and yg/o= 
$3500/$1071>+/x/2. 
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Behavior of the Firm Under 
Regulatory Constraint 


By Axrpa TAKAYAMA* 


A recent article in this Review by Averch 
and Johnson [3] on the fair rate of return 
regulation in public utilities industries (or 
more generally “regulated industries”) 
attracted the attention of many econo- 
mists. In essence, Averch-Johnson argues 
that the introduction of an “active” con- 
straint of a fair rate of return type would 
induce the firm to invest more than the 
original profit maximizing value of capital, 
and this would create an inefficient alloca- 
tion of inputs. In addition to frequent 
citations in verbal arguments, it has in- 
vited some theoretical extensions by 
economists such as Westfield [8] and 
Klevorick [5]. All of the writers seem to 
accept the basic theoretical foundations 
set by Averch and Johnson. For example, 
Klevorick [5] recently proposed that the 
fair rate of return should be inversely 
related to the size of the capital of a firm. 
The intuitive basis for this is apparent, 
for it in effect creates a penalty as the 
amount of capital used by the firm in- 
creases.} 

However, it seems to me that Averch- 
Johnson’s original arguments are sketchy 
and contain somewhat ambiguous logic at 
several important points. Although their 
conclusion, for which they tried to find 


* The paper was originally written in the summer of 
1966. The author is professor of economics at Purdue 
University. He is grateful to Professors D. Emery, 
K. R. Kadiyala and H. Sonnenschein and to the referee 
for their comments. All possible mistakes are, of course, 
his 


1 Westfield [8] argues that “... under a number of 
plausible circumstances higher price tags on capital 
goods leave the buyer either with undiminished or even 
with higher profits,’ pp. 440-1. This conclusion also 
seems to be an intuitively natural consequence of the 
Averch-Johnson result. 
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empirical support, that a firm will tend to 
increase its investment with the introduc- 
tion of an active constraint seems to be 
correct, it does not follow from their argu- 
ments. In particular, there seems to be a 
serious error which arises from confusing 
movements along a curve and shifts of a 
curve. In Section IT, we clarify those ambi- 
guities, and if necessary, correct the mis- 
takes. In the third section of this paper, we 
shall provide a new formulation of the 
problem. We shall find that the new formu- 
lation will give the same answer as Averch- 
Johnson, namely that a firm will tend to 
invest more with the introduction of an ac- 
tive constraint. It should be noted however 
that while the conclusion happens to be 
the same, this was not the necessity, for we 
needed a-completely new formulation to 
obtain the old conclusion. 


I The Model 


Consider a monopoly producing a homo- 
geneous output (F) using two inputs, 
capital (K) and labor (Z). The production 
function of the firm can be written? 


(1) Y=F(L,K) where Fy >0, Fe >0 
The inverse demand function can be 
written: 
(2) p= p(¥) where #/(¥) <0 
2 Throughout this paper, the following notation will 
be used: 
a 
FFA F(L, K) = Fr, 
ð? 
aLəK 


ð? 
ge FG K) = Fer, 


a 
zg fO K) = Fx, 

FUL, K) = Fx, 

è GL, K) =G 

ye z 


et 
zp Os K) =. GLL, etc. 
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Assume that the firm has no control over 
the price of inputs (w for labor and r for 
capital). Profit (r), which is a function of 
L and K, can now be written as: 


(3) e=pY—wlh—-rK 


Averch-Johnson and Klevorick require 
that pY be a concave function with respect 
to L and K.’ Letting s be the “fair rate of 
return,” the regulatory constraint can be 
written as:* 


(4) 
Or: 
(4) g(L, K) = ~ (pY — wk —sK)20 


If s<r, the firm would withdraw from the 
market. To sharpen the analysis we shall 
avoid the case s=r, and assume s>r. The 
problem is to maximize the profit func- 
tion,® (3), subject to (4) and L20, and 
K>0. The Lagrangian can be defined as: 
(5) ®(L, K,\) = pY — wk —1K 
— A(pY — wL — sK) 

If the constraint function g(L, K) is a 
concave function, then due to the concav- 
ity of the profit function, the following 


Kuhn-Tucker-Lagrange conditions are 
necessary and sufficient for a maximum.’ 


Y — wL 
Pee ss 


as 
K 


3 Note this implies the concavity of the profit function 


which is defined in (3), Klevorick (5} assumes the 
concavity of the profit function, and this implies the 
concavity of the revenue function. 

4 Following the convention adopted by Averch-John- 
son and Klevorick, depreciation is assumed to be equal 
to zero. Dropping the assumptions would not essentially 
alter the arguments, f 

5 Westfield [8] formulated his problem to maximize 
the present value of the future net income stream. As he 
pointed out, this can be reduced to simple profit maxi- 
mization. 

6 For the necessary conditions when g is concave, the 
Kuhn-Tucker constraint qualification can be satisfied if 
we assume that there’ exists K’>0, L’>0 such that 
g(L’, K’)>0 (Slater’s condition). Averch-Johnson never 
refer to such conditions in stating their ““Kuhn-Tucker” 
necessary conditions (8-1)-(8-6). (See [3], p. 1055.) They 
also claim that the concavity of the revenue function 
would guarantee the sufficiency, and in doing this, they 
have not referred to the shape of the constraint function. 


This is a bit unsatisfactory. See [3], fn. 3, p. 1055. See _ 


_ However, g(L, K) is a convex function due 


to the concavity of pY. Hence, the re- 
liance on Kuhn-Tucker’s original article 
by Averch-Johnson and Klevorick does 
not seem to be justified. However, as the 
Arrow-Hurwicz-Uzawa study has shown 
[2]," the Kuhn-Tucker-Lagrange condi- 
tions are relevant to this problem.® The 
Kuhn-Tucker-Lagrange conditions for this 
problem are: . 


a) (1— (p+ PPF S (1 Nw 

b) (1—A*)(p + p'F)FLL* = (1 — A*)wl* 
c) (A —M)(ptp'P)PeSr—- ys. 

d) (1 — *)(p + p’F)FeK* = (r — Ms) K* 
e) A*(F(L, K) — wL* — sK*) = 0 

f) atzo. 





also footnote 8 of the present paper. The following 
quotation from Klevorick may be of interest to the 
reader. “... Averch and Johnson make use of the 
Kuhn-Tucker conditions for a constrained maximum. 
These conditions are sufficient as well as necessary under 
our assumption of concavity of profit function” [5], p. 
479. 

7 Arrow-Hurwicz-Uzawa [2], especially Theorem 3, 
corollary 1. In other words the convexity of g(L, K) 
would guarantee the necessity of the Kubn-Tucker 
Lagrange conditions for a constraint maximum. Note 
also that [gz, gx]>0 could also guarantee the necessity 
of, these conditions for the constraint maximum. See 
Arrow-Hurwicz-Uzawa [2], corollary 6 of Theorem 3. 

8 But note also that only the case in which the con- 
straint is active will be considered. Hence, to establish 
the necessary condition for the constrained maximum, 
the jargon of the Kuhn-Tucker theory, which was 
utilized by Averch-Johnson and Klevorick is not really 
needed. The classical Lagrangian method is more rel- 
evant to the discussion. For a good short discussion of 
the classical Lagrangian method, see Bliss [4], section 76, 
Theorem 76.3. The rank condition is obviously satisfied 
in our case. We may also note that, in general, the 
concavity of the profit function alone would not estab- 
lish a sufficient condition for a maximum. The convexity 
of the constraint set is needed (as well as the concavity, 
or at least the quasi-concavity, of the maximum func- 
tion) to establish a sufficiency condition. There is some 
difficulty in this connection due to the convexity (and 
not concavity) of the constraint function g(L, K). This 
difficulty would still remain even under the assumption 
that the constraint is always effective. In the case of an 
effective constraint, A can either be negative or positive. 
Tf à is negative, than our # in (5) is obviously concave 
(hence quasi-concave) so that Bliss’ condition in his 
Theorem 76.3 is satisfied. Again these points were never 


mentioned by Averch-Johnson and Klevorick. 
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Assuming that L*>0, K*>0 and X*>0 
(i.e., the constraint (4) is active at (L*, K*),° 
the above conditions can be written: 


(6) (p+ pF) Fr = w 
(Di EMG + p'F)Fr =r A*s 
(8) pF — wL* — sK* = 0, 
(9) a*>0. 


Notice that the three equations (6), (7), 
and (8) will determine the values of L*, 
K* and A*}° 

If there is no fair rate of return con- 
straint, or the constraint is not active, equa- 
tions (6) and (7) become: 


(10) @+/'F)F, =w 
(11) ($ + ~'F)Fx =r 


Since (p+ ~’F) =d(pF)/dY, (10) and (11) 
are nothing but the familiar rule which 
equates the marginal revenue product of 
each factor to its price. Assume that there 
exist finite optimal values Ly and Ko for 
this nonconstrained maximization prob- 
lem. Then the nonconstrained rate of 
return on capital for the nonconstrained 
case can be computed by: 


pF (Lo, Ko) — wLo 


12 To = 
(12) 0 K, 


If roSs, then the imposition of a fair 
rate of return constraint would not affect 
the solution of (6), (7), and (8); hence it 
must be assumed that ro>s or that the 
constraint is active to discuss the Averch- 
Johnson case. These authors claim A* <1. 
To see the effect of this, we rewrite equa- 
tion (7) as: 





(13) + PPFr=1—- yt a4 


? These are assumptions made by Averch-Johnson 
and others. There is no a priori reason why this is so. For 
example, if the demand curve is of a constant elasticity 
type (p= AY where 7 is the elasticity) and if 7<1, 
then the marginal revenue curve function O+P'F) is 
always negative, and thus L*=0. 

10 We assume that the proper conditions (such as the 
nonvanishing Jacobians) should be true, 


Under the assumption of s>r and A* <1, 


` 7#<r. The concavity of the revenue func- 


tion, G= pF(L, K), implies that its Hessian 
matrix is negative semidefinite. Hence, in 
particular, we have: 





IG 
(14) ae oe [(p + p'F)Fx| S0 


aK? 


In other words, #<r implies that the 
amount of capital used with the regulatory 
constraint (K*) is not less than the amount 
used without a constraint (Ko), provided 
that the marginal-revenue-product-of-cap- 
ital A RPK curve does not shift. If G is 
assumed to be strictly concave, then 
Grr <0; hence K*> Ky." This seems to be 
a more or less desired conclusion by 
Averch-Johnson [3 p. 1056] and Klevo- 
rick. Notice that the concavity of the 
revenue function G plays an important 
role in the above consideration but this 
is not mentioned in Averch-Johnson and 
Klevorick. 

Now we should point out the most 
crucial assumption in the above argument, 
namely that the function which represents 
the marginal revenue product of capital 
MRPK does not shift. This is not true in 
general, and this causes a serious criticism 
against the main arguments of Averch and 
Johnson. It involves an error of confusing 
the movement along the curve and the 
shift of the curve. With an introduction of 
the fair rate of return regulation, the firm 
will adjust the amount of capital and labor 
inputs so that it would be optimal under 
regulation. If the amount of labor em- 


1 Gee <0 says that the marginal revenue product of 
capital is a decreasing function of capital used. This is 
not at all a weak assumption. The marginal value prod- 
uct of each factor is the. product of marginal revenue 
and the marginal physical product of factor, and we can 
note easily: 1. the marginal physical product of capital is 
not necessarily a decreasing function of the amount of 
capital used if the production function exhibits an in- 
creasing returns to scale for example (e.g. Y= L°-§K*); 
and 2. marginal revenue is not necessarily a decreasing 
function of output even if the demand function is nega- 
tively sloped (e.g. p= P-4+-1). 
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ployed should be altered, this would cause 
a shift of the MRPK curve, for the margi- 
nal product of capital at each level of 
capital used is, in general, a function of the 
labor employed. As it can be illustrated 
from Figure 1, if the MRPK curve shifts 
downwards too much, then, even under 
the strict concavity of G, we cannot con- 
clude that #7 <r implies K*> Ko, and there 
is no a priori reason to believe that MRPK 
does not shift downwards too much. In 
Figure 1, K* represents the case in which 
the MRPK curve shifts downwards too 
much so that K* can be less than Ko. In 
short, until we can specify in which direc- 
tion the MRPK would shift and how much 
it would shift, we cannot tell whether the 
introduction of a fair rate of return would 
increase the amount of capital used by the 
firm}? 


12 We may note that we can conceive a case in which 
the MH RPK curve does not shift downwards at all due to 
some institutional reasons. For example, if thé labor 
union of the firm strongly opposes any reduction of labor 
employment, then the MRPK curve would not shift 
downwards. Hence, under the assumption of strict con- 
cavity, it follows that 7<r indeed implies K*>Ko, 
without any further consideration. 


Another important question at this 
point is whether A* is indeed less than one. 
The proof by Averch-Johnson roughly 
goes as follows: Since s>r, \* can not be 
equal to one, due to equation (7). When 
s=rq (the unconstrained rate of return), 
d*=0. Because the continuity of \* with 
respect to s, \* should always be less than 
one. 

Although this proof is rather ingenious, 
it crucially depends on the continuity of 
At in s. Hence, it may be worthwhile to 
specify the proof of the continuity of A*, 
or at least to specify the conditions for 
its continuity. Averch and Johnson do not 
provide any such proof or considerations, 
and the continuity of \* is not intuitively 
obvious, for, in general, the value of the 
Lagrangian multiplier may jump from 
zero to some non-zero value as the con- 
straint moves from the non-active stage to 
the active stage. In this example \* may 
appear to be discontinuous at the point of 
s=ro, where the constraint (4) moves from 
the non-active stage to the active stage. We 
shall find out the conditions under which 
A* is continuous in this example. First, 
note that we can explicitly obtain the 
value of \* from equation (7), assuming 
Gx—sx#0.¥ In other words: 

FNS Gr =f 
(17) A Ge 
If Gr—s=0, then due to (7), (1—A*)s 
=r—*s so that s=r, which contradicts 
the assumption of s>r. Hence, the equa- 
tion (17) would be valid for all cases under 
the present consideration.“ Now if we 


4 Recall the notations: G(L, K)=pF(L, K) and 
GxmaG/dK. Hence Gx=(p-+-p’F) Fr. 

i Note that this would imply a certain restriction for 
the class of functions which is eligible for our analysis. 
For example, if the revenue function G is homogeneous 
of degree one, then Gr=s due to (6) and (8), so that 
such a revenue function is not eligible. For a certain 
class of functions, equation (7) with s>r, and the 
assumption of “active” constraint (Le., equation (8)) are 
not consistent with each other. 
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assume that Gx is a continuous function 
of L* and K* and that L* and K* are 
continuous functions of s, the right hand 
side of equation (17) is continuous with 
respect to s, so that A" is a continuous 
function of s. In other words the conti- 
nuity of \* depends on the continuity of L* 
and K* with respect to s. 

Averch-Johnson [3] and Klevorick [5] 
argue that the allocative efficiency of in- 
puts should be measured by the ratio of 
Fx/F, to r/w. This ratio would be less 
than one as long as A* <1, as they claim. 
However, it is the present contention of 
the author that this criterion does not 
have convincing support as a measure of 
efficiency, for such an allocative principle 
‘would be valid under the competitive 
situation only, and it will not be generally 
valid under other situations according to 
the second best Theorem. 

Il Applications 

The considerations noted may cause the 
reader to think that we can not easily 
specify whether the value of K* (the con- 
strained case) is larger than the value of 
Ky (the nonconstrained case). However, 
this is not the case. To see this, we first 
suppose that the regulatory agency ini- 
tially sets the value of s equal to ro the rate 
of return on capital in the non-constrained 
case, and then the agency reduces this 
rate s below ro. Then the corresponding 
optimal values of K and L will vary. The 
problem is to find the direction of changes 
of K and L for a change in s and this is an 
elementary exercise of comparative statics. 
Rewrite new equations (6), (13), and (8) 
as follows (recalling G(L, K)=pF(L, K)): 


(18) Gr =w 





(19) Goes ee 
1 — A* . 
(20) G — wl* — sK* =0 


As remarked previously, these three equa- 


tions are sufficient to specify values of L*, 
K* and à*. Note now that equations (18) 
and (20) form a subsystem within which 
the values of L* and K* are independent of 
*. Assuming the left-hand differentiabil- 
ity of L* and K* with respect to s at the 
point s=ro, differentiating (18) and (20) 
with respect to s!® yields the following 
equations: 
adL* dK* 


G 
a uT 


=0 








(21) Gur 


dL* 
ds 
Note that s=r initially and in view of (18) 


and (19), equation (22) can be rewritten 
ag 1617 


(22) 





: adK* 
(Gz — w) +—— (Gr — s) = K* 


dk* —K* 


ds fo—r 


(23) <0. 








Recalling that ro>r, the introduction of 
an active constraint of the fair rate of return 
type would indeed increase the amount of 
capital invested by the firm. This is the 
result claimed by Averch-Johnson. Note 
that the crucial equation in the above logic 
is equation (19) (or (8)), which essentially 
states that the constraint is ‘‘active.” 

The change in the quantity of labor can 
now be obtained by inserting (23) into 


(21). 
dI G K* 
(24) —=-— 
ds Grub ToT 
Assume Grz <0 and Gre>0, (Git<0 is 
trueunderthe strict concavity of G).1® Then 








u It is not assumed that A* is differentiable with 

tos. 

18 Note that Gx =r initially since \* =O (see equation 
(19). 

17 It may be of interest to investigate what would 
happen to the total profit. Differentiating (3) yields: 
dr/ds= (Gr—w) aL*/ds+(Gx—r)dK*/ds. Hence, in 
view of (18) and (19) with A*=0, we may conclude that 
dx/ds=0 at s=ro. 

The concavity of G requires Gr S0. Its strict 
concavity requires Grz <0. 
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adL*/ds <0, i.e., the employment of labor 
will increase under these assumptions. 

The value of dK*/ds at the point of 
s=ry was obtained in (23). Yet, in view of 
(19) and (23), the value of dK*/ds for all 
the values of s such that r <s Sr, can be 
obtained by assuming the differentiability 
of L* and K* with respect to s in this 
range.!® 








When s=r, A*=0 as noted above, and 
thus dK*/ds=K*/(r—1n) <0. Equation 
(25) implies that dK*/ds +0 for any finite 
value of Gx. Assume that Gx is finite for 
al L>0 and K>0. Hence, assuming 
dK*/ds is a continuous function of s, and 
r<s<r, it follows dK*/ds<0 always. In 
other words, K*> Kp» for all the values of 
s such that r<sSro, i.e., K*>Ko is true 
not only for the small displacement of ds 
from ro but also for all the displacement of 
s from ro as long as r <s Sro. : 
Finally a comment on the assumption of 
the concave revenue function is in order. 
Although this is a very convenient assump- 


tion to make in solving the above maximi- 


zation problems, sometimes it is not neces- 
sarily an easy assumption to justify. For 
example, a linear homogeneous concave 
production function does not guarantee the 
concavity of the revenue function G. If we 
assume the forms of p and Y as p= 4A Y1”, 
n>0, A>O and Y=L¢K?*, a, B>0, then 

19 The cliange of profit again can be computed for the 
value of s such that r <s Sro. L.e., dx/ds=*K* 20 (see 
the previous footnote and equations (17), (18), and 
(25)). In other words, the profit decreases as the fair 


rate of return decreases as long as A*>0. Since K*> 
Ko, the profit rate (pY —wL—rK)/K also decreases. 


the revenue function can be written as: 


G(L, K) = AL“K# 
(26) 


where e = 1 — 1/n, O<e<i. 


This function is concave if e+e8<1. If 
ea+¢8>1, then the function is quasi-con- 
cave but is no longer concave. If G(L, K) is 
quasi-concave but not concave, then the 
profit function defined in (3) is no longer 
quasi-concave, and the line of thought 
developed in Arrow-Enthoven [6] can not. 
be extended for application to this case. 
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Tariffs, Intermediate Goods, and 
Domestic Protection 


By Roy J. Rurrm* 


The recognition of imported inter- 
mediate goods has resulted in a popular 
new measure of domestic protection that 
takes into account the tariffs on material 
inputs as well as the tariff on final output. 
This new measure, called the effective 
protective tariff rate or simply effective 
tariff, turns out to be zero if the tariffs on 
intermediate goods wipe out the apparent 
advantages of the tariff on final output. 
With the aid of the effective tariff concept, 
investigators have discovered many in- 
teresting facts about the U. S. tariff struc- 
ture: for example, the effective tariff on 
Ingots and Steel Forms is ten times as 
high as the nominal rate; the effective 
tariff on Paper and Paper Products is 
almost zero; and the rate on Agricultural 
Machinery is negative.? This new theory 
of tariffs, as G. Basevi [3] and W. M. 
Corden [5] refer to the effective tariff, 
appears to have increased our empirical 
knowledge of the extent of protection. 

Yet, the theoretical basis for the effec- 
tive tariff rate has not been made clear. All 
the studies use an input-output model that 
is, as Harry Johnson [7] has admitted, “too 
restrictive for most analytical purposes.” 
And without a simple theory of trade in 
intermediate goods to guide them, the 


_ * The author is assistant professor of economics at 
Washington State University. He is indebted to his 
colleague Thomas A. Lowinger for valuable discussion 
of a previous version of this paper and to the Bureau of 
Economic and Business Research of Washington State 
University for financial support. He also wishes to 


authors of these studies can hardly be 
blamed for falling back on familiar tools. 
The purpose of this paper is to develop 
a simple approach to the pure theory of 
trade in intermediate goods that can be 
used to answer some analytical questions 
raised by the.concept and measurement of 
the effective tariff rate. It is hoped that 
the approach will be useful for other pur- 
poses as well. 
-- At the outset, we should note that ex- 
travagant claims have not been made for 
the effective tariff rate concept. The vari- 
ous writers have claimed that the new 
measure is better than nominal tariff rates 
and this claim will not be disputed here. 
But any. measure that is of potential use to 
policy makers must be examined to deter- 
mine its positive and normative content. I 


‘think it is fair to say that virtually no 


attempt has been made to do this. Indeed, 
the effective tariff rate concept has not 
even been defined in a general equilibrium 
context and, as a result, the current mea- 
sure does not always measure what it is 
supposed. to. 

Sections I, II, and HI contain an ex- 
tensive discussion of a simple small 
country model in which the effective tariff 
concept has a solid theoretical foundation, 
but in which the current measure—called 


‘the Barber-Johnson-Balassa formula—is 


thank Millard Hastay of Washington State for sug- . 


gesting improvements in the manuscript. 


1 This new measure was discovered by Barber [2] and- 


developed by Balassa [1], Basevi [3], Corden [4] [5], and 
Johngon [7]. 
? These estimates are taken’ from Balassa [1]. 


valid only for a special case. The crucial 
assumption of this model is that imported 
intermediate goods cannot be produced 
domestically. In Section IV, it is shown 
that when this crucial assumption is re- 
laxed the effective tariff concept loses cer- 
tain desirable properties. Finally, Section 


-V summarizes the argument and draws 
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conclusions from the findings. 

Apart from the model itself, the main 
tool used for evaluating the effective tariff 
concept is the theory of second best. For 
our problem the theory of second best 
renders valuable services, since by its use 
the argument is greatly simplified. Fur- 
thermore, what we need of this theory is 
minimal and can be proved in the text. It 
is applicable because, in a small country 
world, a first best optimum cannot be 
achieved when tariffs are imposed on the 
imports. 

Throughout the paper we assume one 
exported final good, one imported final 
good, and one imported intermediate good. 
This simplifies the discussion and does not 
sacrifice any matters of principle; it also 
allows geometrical demonstrations. 


I. A Simple Model 


Consider a small country producing two 
consumer goods. Initially, it will be sup- 
posed that one of these goods requires, in 
fixed proportions, an intermediate good 
that cannot be produced at home. The 
problem of income distribution is ignored 
by postulating a collective utility function. 
Assumptions A.1 through A.5 describe the 
model in detail: 


A.1, There are three goods. X, and X4 
are final goods produced domesti- 
cally and X, is an imported inter- 
mediate good. 

A.2. Preferences are represented by a 
collective utility function, U 
= U(Cy, Ca), where C; is the con- 
sumption of good 4. The collective 
indifference curves are convex to 
the origin. 

A.3, Each unit of X requires a units of 
Xs, j.e., A3= aX» 

A.4. The gross transformation curve, 
which defines production possibili- 
ties on the assumption the requi- 
site amount of X; has been ob- 


tained, is concave to the origin and 
is given by T(X1, Xs) =0. 

A.5. The prices Pi, Pa, and P, are fixed 
on world markets. 

Later, we shall replace assumption A.3 
by: 

A.3’, Each unit of X:(i=1, 2) requires 
a; units of Xn 


A few brief remarks on these assump- 
tions may be worthwhile. Assumption A.2 
on preferences has a long and, perhaps, 
not so honorable tradition in trade theory; 
we shall let the reader decide on its worth. 
The assumption, A.3, that the inter- 
mediate good is used in fixed proportions 
is a simplifying assumption, which is 
shared by the empirical studies on the 
effective tariff rate. A similar comment 
applies to the small country assumption, 
A.5. The assumption, A.4, that X; does 
not enter the transformation function 
means, of course, that it cannot be pro- 
duced. It is crucial and will be relaxed in 
Section IV. In Section III we replace 
assumption A.3 with A.3’ and the results 
are dramatic. 

Consider now the purely technical prob- 
lem of maximizing the utility function 
subject to the constraints, What are the 
constraints? For any pair (Xi, X3) satis- 
fying the gross transformation function, 


(1) T(X1, X2) = 0, 
the economy must pay for the required X, 
by satisfying the budget constraint, 

P\X1 + P2X— — PX; = PCi + Pols. 


Using A.3, this constraint may be written 
in the more convenient form: 


(2) PiXy + Py’ X= PiC, + PCy 


where Pi =P:—aP;. Pj is the contribu- 
tion of a marginal unit of X, to private 
and social income and may be interpreted 
as the net price or the value added of X.. 

If V=U(Ci, C3) is maximized subject 
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to constraints (1) and (2), the necessary 
conditions for a maximum are: 


(3) U1/U2 = Pi/Pa 
(4) T1/T, = P/P? 


Thus, since the static stability conditions 
are met under A.1 through A.5, a central 
planner could turn his job over to maximiz- 
ing consumers (more precisely, the con- 
sumer representative) and business firms. 

A geometric picture will prove useful. 
Businessmen maximize the function PX: 
+PiX:0n T(Xi, X:)=0. Given the opti- 


mal decision on X, and X., the budget. 


constraint (2) for consumers is determined 
and consumers maximize in the usual way. 
In Figure 1, TT’ is the transformation 
curve; RR’ is the business budget con- 
straint, with slope — Py /P1; Rr is the con- 
sumer budget constraint, with slope 
— P,/Pı; and is the highest attainable 
indifference curve. Note that in the dia- 
gram at the optimal position X, is ex- 
ported, X, imported. But the indifference 
curve could be tangent anywhere on Rr, 
giving any desired combination. For ex- 
ample, if the consumption point were 
southwest of point E, both X, and X, 
would be exported. The budget constraint 
insures that the total value of exports 
equals the total value of imports, including 
the intermediate good. And it is an easy 
exercise to show that SE measures the 
imports of X, in terms of X4.’ 


Il. Some Effects of Tariffs 


As a prelude to discussing the effective 
tariff concept, we must state and prove an 
interesting theorem about tariffs in the 
above model. Two more such theorems are 
proved in the next section. 

Consider, then, the effects of a tariff on 


1 In Figure 1, OR=X*,-+(P's/P;)X*;. Thus, the dis- 
tance between point R and point Xi* is (P4/P)X"s. 
Since the (absolute) slope of Rr is Pa/P,, the distance 
between point X\* and point S must be (P’2/Ps)X3". It 
follows that SE=aP,X3"/P3. 
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the attainment of the necessary marginal 
conditions, (3) and (4), for a maximum. 
The right hand sides of these equations 
measure marginal social costs (with trade) 
of transforming one good into another. 
Tariffs destroy (3) and (4) by inducing 
consumers and business firms to equate 
their marginal rates of substitution or 
transformation to marginal private costs, 
which with tariffs diverge from marginal 
social costs. Hence, for our model as well 
as the traditional model, the optimal tariff 
on each good is zero when prices are fixed 
on world markets. The question then 
arises: when an arbitrary positive tariff 
is imposed on X, or X+, what is the second 
best tariff on the intermediate good, X;? 
The answer to this question is helpful in 
evaluating the concept of effective tariffs. 

We first prove that if one of the mar- 
ginal equalities (3) and (4) is not satisfied, 
the other represents a condition for a 
second best optimum. 


Fundamental Lemma. If U1/U2=kP1/P: 
(k=1), then under assumptions A.1 
through A.5, equation (4) is a necessary 
condition for a second best optimum; 
and if T /Ta=mP:/Pd(m=1), then 
under assumptions A.1 through A.S, 
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equation (3) is a necessary condition for 
a second best optimum. 


Proof. To establish the first part of the 
lemma, maximize U=U(Ci, Ca) subject 
to (1), (2), and U,/Us=kP1/P2. This re- 
sults in: 


Ui— dyPeths(UsU i— UU 2) /U 2 =0, 
1=1,2 
(4) T /Ta=P:/ PY 


which proves that (4) is necessary for a 
maximum. For the second part, maximize 
U=U(Cı. Cs) subject to (1), (2), and 
Tı/Tı=mP/P: . This results in: 


oTit APi HATT u— TiTs:)/Ts? = 0, 
‘g=1,2 


which proves that (3) is necessary for a 
maximum. 

There is nothing surprising about this 
lemma. It is a special case of a more general 
theorem proved by O. A. Davis and A. B. 
Whinston;‘ and it holds for many economic 
models, including the traditional trade 
model. Its significance arises from the fact 
that with our simple model there exists a 
tariff structure such that one marginal 
equality will be satisfied while the other is 
not. In our model in Section IV, if tariffs 
interfere with consumer choice then they 
must interfere with producer choice as 
well; thus, in that section the lemma will 
not be so useful, although it will still be 
true. l 

Now let ż denote the tariff on the ith 
good. The Fundamental Lemma makes it 
easy to prove the following theorem: | 

Theorem 1. Given i;=0 and any #,>0, 
then under assumptions A.1 through .A.5 
the second best tariff, 3, on X3is 


(5) l" = taP2/aP3. 


4 The interested reader is referred to Davis and 
Whinston [6] and the important comments by McManus 
{9}. 


Proof. Assume that 1;=0, #:>0, and f; 
is any number. Under free competition, 
it is clear that the following marginal con- 
ditions must be satisfied: 


(6) Ui/Us = Pi/Pa(1 + ty) 
T1/T. = Ps/[Po(1 + tì) 

(7) 

= aP3(1 -+ ts) |. 


Since under our assumptions we can only 
vary ts, to reach a second best optimum 
the right hand side of (7) must be the same 
as the right hand side of (4). Thus, solving 
the equation, 


Pi + te) = aP,(1 + t*) = P: = aP, 


yields equation (5). 

From Theorem 1, it is easy to see that 
the second best tariff on the intermediate 
good is positive and larger than the tariff 
on X3. Before applying this theorem to the 
concept of effective tariffs, an independent 
geometric explanation will be useful. 

In Figure 2, RR’ and Rr are the pre- 
tariff budget lines for business firms and 
consumers, respectively. Business firms 
choose point E on TZ” and consumers 
point e on indifference curve u. When a 
positive tariff is imposed on Xe, without 
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any tariff on Xs, the new production point 
will be at a point such as Æ’, where the 
output of X, is larger than at E. Since 
PP’ is the new budget line for business 
firms, Pp is the new budget line for con- 
sumers. Consumers will not move to an 
indifference curve tangent to Pp, as the 
slope of Pp measures marginal social costs 
and not marginal private costs. Thus, they 
will choose some such point as ¢” on indif- 
ference curve 4”. If now a positive tariff 
is imposed on the intermediate good, Xs, 
business firms will reduce X, production 
and expand Xı production, moving the 
production point back towards Æ. The 
second best tariff on Xs induces business 
firms to choose point E, the pre-tariff pro- 
duction point; and it will be larger than 
the tariff on X3, since the cost of X, is only 
a fraction of the total cost of producing X: 
and the net protection must be zero. 
Hence, the budget line for consumers shifts 
upward from Pp to Rr and consumers will 
choose a point such as é’ on w. This is 
clearly not as good as the pre-tariff equilib- 
rium, e on #, but it is better than e”. If 
the tariff on the intermediate good is in- 
creased beyond the second best level, the 
production point moves to the northwest 
of E and the budget line falls below Rr. 
Finally, note that as #; increases from 0 to 
#3, the second best tariff, welfare steadily 
increases. 


TII. The Effective Tariff: Intermediate 
Goods Not Produced Domestically 


Theorem 1 will now be used to investi- 
gate the properties of the effective -tariff 
rate. But first three definitions are needed. 


D.1. Let P} be the domestic value added 
or net price of the jth good; and let the 
kth final good be free of subsidies and 
tariffs. Then a measure, £f, is said to be 
the effective tariff rate (relative to k) on 
industry 7 if ¢? is positive, zero, or nega- 
tive, if and only if, the marginal rate of 


transformation, T,/T,, exceeds, equals, 
or falls short of P{/P¥ $ 


D.2. If when the effective tariff rate on 
the imported final good is zero and the 
tariff on the final good is nonzero, the 
production point of the economy is the 
same as the production point under free 
trade, then the effective tariff is said to 
be unbiased. 


D.3. If when the effective tariff on the 
imported final good is zero and the tariff 
on the final good is nonzero, a second 
best optimum is achieved, then the 
effective tariff is said to be efficient. 


Note that D.1 is framed in such a way that 
the concept of the effective traiff is dis- 
tinguished from the derived measure in 
any particular model. D.2 and D.3 are 
desirable positive and normative proper- 
ties of the effective tariff rate. 

Now let us examine the Barber-Johnson- 
Balassa formula for measuring effective 
tariffs. Their measure is: 


(8) i! = (h — 2 aisti) /0; 


where a,;=the value of input 7 used in a 
dollar’s worth of good 4 and v;=the value 
added in producing a dollar’s worth of i. 
Applying this formula to our model, we 
find that: 


(9) ty!” => (Pots ao aPyts)/ Pd’. 


ë The motivation for this definition can be seen by 
referring to Figure 1 or 2. When the effective tariff on 
X; is positive, the production point will be to the south- 
east of point E. At such a point, the marginal rate of 
transformation of X; into a marginal unit of Xa, 73/7, 
is greater than Ps /P;. This assumes that there are no 
governmental or monopolistic impediments, aside from 
the tariffs themselves, to the competitive adjustment 
of markets. 

It should also. be noted that the definition is stated 
for an #-commodity world to eliminate any possible 
confusion that might result from a more limited def- 
inition. It can be shown that when the Ath and the 
jth final goods do not use the imported intermediate 
goods, the effective tariff on good ¢ relative to & equals 
the effective tariff on good ¢ relative toj. 
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It is easy to see that (9) satisfies our defi- 
nition (D.1) and that the effective tariff 
rate is both unbiased and efficient. When 
ii’ =0, #s= (the second best tariff) and 
production will be at point Æ. When 
ty’ >0, the production point will be to the 
southeast of point Æ; and when #7’ <0, 
the production point will be to the north- 
west of point E. 

Theorem 1 thus provides us with a neat 
theoretical justification of the Barber- 
Johnson-Balassa measure of the effective 
tariff rate. But our simple model can also 
be used to show a serious limitation to this 
measure. For practical purposes, Theorem 
1 depends on the assumption that the good 
using the imported intermediate good is 
imported as well, for tariffs are not usually 
imposed on exports. Many countries, how- 
ever, have a comparative advantage in the 
processing of the raw materials and semi- 
finished manufactures of other countries. 
This leads us to the question: what is the 
second best tariff on X, when X, is im- 
ported? - 

Theorem 2. Given ł:=0 and #,>0, then 
under assumptions A.1 through A.5 the 
second best tariff on Xs, #, is: 


(10) 1;* Caceres iP, /aP3. 


Proof. The proof follows that of Theorem 
1. Under free competition, 


(11) U,/U: = Pi(1 + h)/P: 
(12) T/T: = P1 +h) 
/|P2 — aP3(1 + ts)| 


As before, we solve for the # which equates 
the right hand side of (12) to the right 
hand side of (4). This gives us (10). 

When the tariff is imposed on the good 
not requiring the intermediate good, the 
second best tariff on X; is negative! Figure 
2 may also be used to explain this theorem. 
If ż is positive and f, zero, business firms 
will choose a production point northwest 
of point E. The second best optimum, how- 


ever, requires that the economy be at 
point E. To move back to point E, under 
the assumptions of the theorem we can 
only impose an appropriate negative tariff 
on X a 

Let us now replace assumption A.3 with 
assumption A.3’. Recall that Theorem 1 
stated that when X, is imported subject 
to tariff and is the only good using the 
imported intermediate good, the second 
best tariff on X+ is positive and larger than 
the tariff on Xa. Theorems 1 and 2 suggest 
that if X; were used in both X, and Xq, the 
second best tariff on X, (when X; is im- 
ported subject to tariff) may be of any 
sign or magnitude. The effective tariff, as 
currently measured, will then miss the 
mark completely on both protection and 
welfare grounds; moreover, it will not 
satisfy our reasonable definition of the 
effective tariff rate. 

The following theorem can be used for 
evaluating the effective tariff rate under 
these new circumstances. 

Theorem 3. Given 1;=0 and #,>0, then 
under assumptions A.1, A.2, A.3’, A.4, and 
A.5, the second best tariff on X, is: 


(13) la" lied tgP2Py/Ps(aiPs ma a,P3) 


where Pi = P\— a1P 3. 
Proof. Under free competition, 
Py — aP;(1 + t) 


(15) 11/T: = Pill + ts) — a2Pa(1 + ts) | 


As before, we solve for the 4 that equates 
the right side of (16) to the appropriate 
marginal condition, which in this case is 
Pi/P3 $ 


6 With assumption A.3’ replacing A.3, the maximiza- 


tion problem is as follows: maximize U=U(Ci, Cy) 


subject to T(X1, X3) =0 and 
PIX: + Pi Xa = PiCi + PaCo 


Accordingly, the necessary conditions for a maximum 
are U;/Us= P,/P; and T1/Ts= Pj /Pi . When consump- 
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It is easy to check that the following 
measure of the effective tariff rate satisfies 
the definition and that the measure is both 
unbiased and efficient: 


iy! = [PPY 


9) + t3P3(a,P2 = a2P3)|/P,! 


The implications of (16) are best seen by 
rearranging the terms and setting P;=1. 
Thus: 


te! = [(Pats — a2Pats) 


7 
a?) + a,P:Pa(ts — ta) ]/ Px 


Now compare our measure, equation (17), 
with the Barber-Johnson-Balassa measure 
for this particular model: 


(18) ty!’ = (Pala — G2Pats)/P7. 


Since tariffs on intermediate goods, żs, 
are usually lower than the tariffs on final 
goods, #s, it follows that t/ <tj’. The 
Barber-Johnson-Balassa formula overesti- 
mates the correct effective tariff rate!’ 

In a model with only one imported final 
good (and hence only one effective tariff 
rate), this is perhaps not too serious. But 
when there are several effective tariff rates, 
the overestimates on each effective tariff 
rate can drastically change the relative 
sizes of the various rates and their rank- 
ings. 

So far our model] has been quite favor- 
able to the effective tariff concept, al- 
though it has not been so kind to the cur- 
rent measure. We now turn to a model 
that is not so kind to the concept itself. 


IV. The Effective Tarif : Intermediate 
Goods Produced Domestically 


What happens to the effective tariff con- 
cept when the imported intermediate good 





tion decisions are distorted by tariffs, the latter con- 
dition is neceasary for a second best optimum. 

7™¥For completely different reasons, W. M. Corden 
(5, pp. 225 and 235] and Ronald I. McKinnon {8, p. 
612] have reached a similar sounding conclusion. 


is produced domestically? In this section it 
is shown that under these conditions the 
effective tariff rate is both biased and 
inefficient. Bias means that an industry 
may still be protected or injured as com- 
pared to free trade output even when the 
effective tariff rate is zero. This gives, in 
part, formal expression to Viner’s view 
that protection cannot be precisely mea- 
sured.® Inefficiency means that a higher 
effective tariff rate may be better than a 
lower one. 

For ease of exposition, we will go back 
to assumption A.3, that the intermediate 
good is used only in X.. Thus the effective 
tariff rate will be measured by the Barber- 
Johnson-Balassa formula. 

With the work done in previous sections, 
the new model is easy to state. This model 
consists of assumptions A.1, A.2, A.3, A.5, 
the gross transformation surface is concave 
to the origin and is given by 7(X1, X, 
X;3)=0. The budget constraint is now, 
PyX1 + PX + PiX: 

= PCi + PC: + PsXs, 
where X¥;=aX;. This may be rewritten as: 
PiXy + Po Xo + PsXy 
(19) 
= PCy + PC. 


The new necessary conditions for maxi- 
mum utility are now obtained by maximiz- 
ing U=U(Ci, Ca), subject to T(X1, Xa, Xs) 
=0 and (19). They are 


(20) Uı/U: = P/P, 
(21) T/T: = P / Pt 
(22) T/T: = P/P; 


Thus, now that X; is produced domesti- 
cally, a maximum requires the marginal- 
rate of transformation between one of the 
goods and X; to be equal to their price 
ratio. This has important implications. 


8 For the relevant quote from Viner, see Balassa [1, 
p. 573]. 
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Suppose that one imposes a tariff on X: 
and a tariff on X,, denoted by fs, such that 


Py = Pil + ty) ae aP3(1 + is), 


that is, the effective tariff on X¢ is zero. 
Under free competition, it is clear that 


(23) Ui/Ua = Pi/P3(1 + t) 
(24) T/T: = Py Pr 
(25) T/T; = P./Ps(1 + h) 


Now marginal equalities (21) and (22) 
are necessary for the production point to 
be at the free trade point. However, from 
(25) we see that (22) is not satisfied. It is 
immediate, therefore, that in this new 
model the effective tariff rate is biased. 
With this tarif structure, one cannot 
say whether the output of X, will be 


greater than, equal to, or less than the’ 


free trade output. More X, will be pro- 
duced at home; but this can be accom- 
plished in several ways. The production of 
both Xı and X, may be reduced, or that of 
one increased, and the other decreased. It 
all depends on the conditions of produc- 
tion. 

The welfare implications are equally 
uncertain. If marginal equality (20) is not 
satisfied, then marginal equalities (21) 
and (22) must be satisfied for a second best 
optimum. Thus, suppose we start with ts 
positive and then impose a tariff on X, 
such that the effective tariff is zero. With 
just a tariff on X+, only (22) is satisfied; 
with the effective tariff on X, zero, only 
(21) is satisfied. It is impossible to say 
which of these situations is better; for the 
zero effective tariff corrects one marginal 
condition and simultaneously destroys 
another. Hence, we cannot rule out the 
possibility that an extremely high effec- 
tive tariff level is better than a zero effec- 
tive tariff level. 


V. Conclusions 
When imported intermediate goods are 


S) 


t 


not produced domestically, the effective 
tariff concept has a strong theoretical 
foundation. Properly measured, the effec- 
tive tariff rate has implications for both 
protection (unbiasedness) and welfare 
(efficiency). The Barber-Johnson-Balassa 
formula, however, is correct only under 
the special assumption that exports do 
not use the imported intermediate good. 
Thus, the first task for future research 
would seem to be to modify existing esti- 
mates of effective tariff rates. Furthermore, 
as long as tariffs on intermediate goods are 
lower than on final goods, the existing 
estimates should be overestimates ‘of the 
correct effective tariff rates. 

Without an empirical investigation, it is 
(of course) impossible to say whether cor- 
rect estimates of effective tariff rates 
would significantly change. the relative 
rankings and industry rates of protection 
found in the published empirical studies. 
But these studies cannot be taken too 
seriously until revised or at least checked. 

A caveat, however, must be issued. 
There is a formidable difficulty that stands 
in the way of a neat application of the 
effective tariff concept to a many com- 
modity world. As is clear from our defini- 


- tion, the effective protection of one indus- 


try can only be measured relative to some 
base industry. This is as it should be, for 
comparative and not absolute advantages 
direct the allocation of resources. Unfor- 
tunately, it means that there is no unique 
measure of protection in any one industry. 
Each effective tariff rate depends on the 
base industry to which the industry in 
question is compared; and two different 
bases may lead to entirely different con- 
clusions. The partial equilibrium approach 
of Barber, Balassa, Basevi, Cordon, and 
Johnson avoids this problem, but, as indi- 
cated above, at a cost. 

When imported intermediate goods are 
produced at home, the.foundations of the 
effective tariff concept seem to disappear 
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completely. If the strict unbiasedness and 
efficiency properties were the only reasons 
for using effective tariffs, the whole con- 
cept would have to be buried. I do not 
think, however, that this paper has dis- 
cussed all of the properties of the effective 
tariff rate. In particular, it is suggested 
that the extent of bias in the effective 
tariff rate may be negligible. Thus, future 
research might reveal interesting prop- 
erties that can be used to revitalize the 
effective tariff concept. 
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On Measuring the Nearness of 
Neat-Moneys 


By V. KARUPPAN CHEtTTy* 


Monetary economists have long been 
concerned about the substitutability of 
the liabilities of various financial institu- 
tions for money. Knowledge of the degree 
of substitutability of such liquid assets 
for money is essential for many reasons. 
For example, if these assets are close sub- 
stitutes for money, then the financial 
intermediaries can, in principle, reduce 
the effectiveness of any given monetary 
action. This is, in fact, the position taken 
by Gurley and Shaw [11] [12] [13] [14]. 
They argue that the monetary authorities 
did not succeed in reducing the liquidity 
in the economy during the postwar period 
due to the rapid growth of liabilities of 
financial intermediaries. There has been 
some theoretical discussion about the re- 
levance of Gurley and Shaw’s arguments, 
but as pointed out by Johnson [16] and 
Cagan [5], in a slightly different context, 
this issue cannot be resolved by theoretical 
arguments. In order to determine whether 
consumers regard the various liquid assets 
as substitutes for money or not, one has to 
look at their market behavior. The ques- 
tion is essentially an empirical one. 

Recently, Feige [9], Hamburger [15], 
and Lee [20] attempted to test empirically 
the validity of Gurley and Shaw’s hypothe- 
sis. Not surprisingly, these econometric 
studies are not in agreement about the 
substitutability of liquid assets for money. 


* The author is associate professor of economics, 
Columbia University. He wishes to thank Milton 
Friedman, G. S, Becker, P. Cagan, A. G. Hart, K. Lan- 
caster, R. Alcaly, and the referee for their comments 
and criticism. The paper also benefited from the dis- 
cussion and comments from members of the Monetary 
Workshop of Columbia University. Mr. E. Wilcox 
provided valuable research assistance. 
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Feige [9], using temporal cross-section 
data of liquid asset holdings by states in 
the United States for the period 1949-59, 
found that the yields on nonbank inter- 
mediary liabilities did not affect the de- 
mand for money, defined as demand de- 
posits plus currency. Hence he concluded 
that these assets are not substitutes for 
money. Lee [20], using Feige’s and other 
types of data, concluded that savings and 
loan association sbares are much better 
substitutes for money than time deposits. 
Hamburger [15], using U.S. time series 
data, found that the predictive power of 
the demand function for money did not 
increase significantly when the definition 
of money was expanded to include other 
liquid assets. For reasons given in the 
next section, the methods used by Feige 
[9] and Lee [20] are better than that of 
Hamburger [15]. 

In order to determine whether the public 
regards various liquid assets as substitutes 
for money, one has to determine empiri- 
cally the shape of consumers’ indifference 
curves for money and other liquid assets. 
In. the present paper, a utility function 
which generates a variety of indifference 
curves is used to estimate directly the 
elasticity of substitution between money 
and other liquid assets. In the past, mone- 
tary economists attempted to test substi- 
tutability hypotheses by estimating the 
various (cross) interest elasticities of de- 
mand for money. In this paper, the various 
elasticities of substitution are used to test 
the same hypothesis. In theory, one would 
expect the two methods to lead to the same 
conclusion. However, the empirical results 
of our paper differ to a great extent from 


| 


E 
i 
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the findings of others and seem to be more 
reasonable in terms of our a priori expec- 
tations. 

Furthermore, knowledge of these elasti- 
cities of substitution will be useful in 
answering many other questions in mone- 
tary economics. For instance, suppose one 
finds, as Lee [20] does, that some liquid 
assets are substitutes for money. In what 
ways can a monetary theorist, interested 
in controlling the liquidity of the economy, 
use these findings for policy purposes? If, 
for example, the supply of these liquid 
assets increases, other things being equal, 
their prices will fall. Using the demand 
function for money, the monetary theorist 
will determine the amount by which the 
demand for money will go down and 
recommend an appropriate policy measure 
for reducing the quantity of money. Thus 
policy action is taken only after the effect 
of the increases in other liquid assets shows 
up in the yields of these assets, which, of 
course, takes some time. On the other 
hand, using the elasticity of substitution 
approach one can immediately find the 
money equivalent of the change in other 
liquid assets and determine the amount by 
which the money supply should be reduced 


' to maintain the same level of liquidity in 


the economy. This will avoid some delay 
in taking appropriate monetary measures 


' which is certainly desirable, since many 
economists in the past have argued that 


there is considerable lag between the time 
a policy measure is taken and the time its 
effect is realized. 

Another related problem, which has 


| attracted the attention of monetary econo- 
| mists for many years, is the definition of 


money. The commonly used definition 


| classifies demand deposits and currency as 


money. Friedman and Meiselman [10] 
and Cagan [5] define money as demand 


| deposits, currency, and time deposits in 


commercial banks. One of the reasons for 
inclusion of time deposits is that they can 
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not be meaningfully separated from de- 
mand deposits until the 1930’s. Friedman 
and Meiselman also argue that “they are 
such close substitutes for other monetary 
items that it is preferable to treat them as 
if they were perfect substitutes than to 
omit them.” 

In reality, the various liquid assets may 
not be regarded as perfect substitutes for 
money nor can they be treated as com- 
pletely unrelated to money. Hence the 
all-or-nothing approach in defining money 
does not seem to be very useful. Gurley 
[11], in this context, points out, “If the 
degree of substitutability between each 
type of monetary asset and money were 
known, liquid assets could be weighted in 
such a way that the constancy of this 
weighted amount would imply constant 
interest rates, other things the same.” For 
illustrative purposes, Gurley used a defi- 
nition which assigned weights of one to 
currency and demand deposits and weights 
of one-half to other liquid assets. It has 
been pointed out by several writers that 
the “best” set of weights can be derived 
using canonical correlation techniques or 
the method of principal components. This 
will give the “best” definition of money in 
some statistical sense, like maximum cor- 
relation or maximum variance, but it is 
difficult to give economic interpretation 
to these weights. Instead, in this paper, we 
suggest a method of aggregating the liquid 
assets, using the elasticities of substitution 
and other economically meaningful param- 
eters. j 

Another related and controversial issue 
in monetary theory is concerned with the 
choice of the appropriate interest rate or 
rates to explain the demand for money. 
Some economists, such as Eisner [8] and 
Latane [19] maintain, following the Key- 
nesian tradition of relating income and 
investment to long rates, that the relevant 
rate is that on long-term bonds. Bron- 
fenbrenner and Mayer [4], Laidler [17] 
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and a few others advocate the use of short- 
term interest rates, since this reflects the 
opportunity cost of holding money. Gurley 
and Shaw [11] [12] [13] [14], naturally, 
argue for their candidate, the yield on 
nonbank intermediary liabilities. Lee [20] 
has recently presented empirical evidence 
for the superiority of the yield on saving 
and loan association shares over others but 
his conclusions are questionable for reasons 
pointed out in the sections that follow. 
Christ [6] and Lee [20] have used the 
relative quantities of these assets to form 
a weighted average of the various interest 
rates. 

Regarding the choice of the interest rate, 
Turvey [22] remarked “Their relative 
importance depends upon the relative sub- 
stitutability of long-term and short-term 
paper assets for money and upon their 
relative quantities. The former is unknown 
(hence all the argument), while the latter 
is measurable. ...”’ Since the elasticities 
of substitution of various assets for money 
are estimated in the present paper, they 
are used to construct an index of interest 
rates as suggested by Turvey [22]. Since 
the demand for money in theory is a func- 
tion of a number of highly correlated 
interest rates, it seems appropriate to use 
economically meaningful weights to come 
up with an average, rather than trying to 
choose the interest rate using some statisti- 
cal criterion, like standard errors. 

The plan of the paper is as follows. In 
Section I, the method of estimating the 
various elasticities of substitution, aggre- 
gation of the liquid assets, and construc- 
tion of the interest rate index are discussed 
when assets are taken two at a time. Em- 
pirical estimates are presented for U.S. 
time series data for the period 1945-66. A 
more general method to handle all the 
assets simultaneously and the empirical 
results are presented in Section II. A new 
series based on the new definition of money 
and an index of interest rates are com- 


puted, and a velocity series based on the 
new definition of money is calculated and 
compared with other velocity series. Con- 
cluding remarks are made in Section ITI. 


I. A Model for Estimating the 
Elasticity of Substitution 


Throughout this paper, the term money 
(M) will be used to denote hand-to-hand 
currency plus demand deposits in commer- 
cial banks. To start with, it is assumed that 
there is one other financial asset, namely 
time deposits (T). Following the new ap- 
proach to consumer demand theory, as 
developed by Becker [3] and Lancaster 
[18], let us assume that the consumer com- 
bines money and time deposits to produce 
various characteristics like liquidity, store 
of value, etc. We assume that the consumer 
combines M and T such that, for any given 
budget, he maximizes his satisfaction. The 
possibility of substituting T for M arises 
for two reasons: (1) M and T may have 
some common characteristics; (2) even if 
they have no characteristics in common, 
there may be substitution between differ- 
ent characteristics. The indifference curves 
between M and T may assume various 
possible shapes ranging from straight lines, 
in the case of perfect substitutes, to right 
angle curves, when they are consumed in 
fixed proportions. The degree of curvature 
of these indifference curves is a measure of 
substitutability of money and time de- 
posits. To answer this question, we need a 
utility function, which generates a variety 
of indifference curves with different degrees 
of substitution and whose parameters can 
be estimated with the use of observed 
variables like quantities and prices. One 
such function which generates a variety of 
indifference curves, but has only few 
parameters, is the constant elasticity of 


- substitution production function intro- 


duced by Arrow, et al. [2]. The CES 
function was introduced to study the 
degree of substitution between capital and 
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labor, but we can make use of this func- 
tion to study the substitutability of money 
and other financial assets. The utility func- 
tion of the consumer can be written as 


U = (BM + BaT 


where M and T represent money holdings 
and money value of time deposits in the 
next period respectively. Since this is a 
fairly general function, it can be assumed 
that it will provide an adequate approxi- 
mation to the true utility function. Since 
only ordinal utility is used, 8; can be 
assumed to be equal to 1 without loss of 
generality. This normalization is adopted 
throughout this paper. The implications of 
this normalization for the aggregation pro- 
cedure are discussed later. 

Suppose the consumer has cash holdings 
of Ma dollars and wants to allocate them 
between M and T. If T represents the cash 
value of time deposits in the next period 
and if 7 is the rate of interest on time de- 
posits of the current period, then the 
budget constraint of the consumer can be 
written as 


T 
1+i 


The slope of the budget line is — (1+5. 
Hence (1+4) can be considered as the 
ratio of the prices of money to time 
deposits." 

When the utility function is maximized 
subject to the budget constraint (1), the 
following marginal conditions are ob- 
tained: 





(1) Mi= M+ 


au 
2 — =À 
(2) RT 


1 Alternatively, one can assume that the consumer 
maximizes U[T(1+4), M], subject to the constraint 
M+T=M, where T now represents the amount of 
time deposits in the current period. In both cases, the 
marginal conditions are the same. Also if one assumes 
that the consumer maximizes U(T#, M) subject to 
M-+-T=M, one obtains very similar results empirically, 
since the form of U is quite general. 


(3) = EVES, 


(4) Myo=M+ 





Tey: 


where à is the Lagrange multiplier. Divid- 
ing (2) by (3) we have 


M 1 
AT 
Ba\T 


Taking logarithms on both sides, re- 
arranging terms, and adding a disturbance 
term, we have the regression model 








(5) igi 
ETT 
ba 
r a 1a a 


Using data relating to M, T, and 1, and 
making the usual assumptions about the 
disturbance term, we can estimate 1/1+p 
and the intercept term using least squares 
methods. From the intercept term, an 
estimate of B:/81 can be obtained, and 
using a normalization rule 8; and 8; can 
then be estimated. The elasticity of sub- 
stitution between money and time de- 
posits is given by c= 1/1-++-p. Thus whether 
any particular financial asset is a substi- 
tute or not can be directly tested using this 
regression. 

This model has some similarities to the 
one used by Christ [6], since he regressed 
ratios of various stocks on interest rates 
and income, but his regression equations 
were not derived from any specific model 
like the one set out in this paper. 

In our model,? the ratio of prices of 


? Milton Friedman, in a personal communication, 
pointed out to me that the price ratio has units of time 
in it and hence the estimated elasticity substitution will 
depend on the arbitrary choice of the time unit. To get 
around this difficulty, we should maximize the utility 
function subject to one more constraint on the flow of 
income from these assets. Where we have three or more 
assets, this can be done. Lf u is the lagrangean multiplier 
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‘ep M, (144) 


FIGURE 1. INDIFFERENCE Curve BETWEEN M AnD T 


M and T is 1+4. There are alternative 
ways of specifying the price of holding a 
dollar of M or T. If one takes the alterna- 
tive cost approach, the price of holding a 
dollar of M will be the alternative income 
forgone. If, for example, the interest rate 
on corporate bonds, iş, represents the alter- 
native income, then the price ratio of T 
and M is given by (is—ir)/is=1—ir/is, 
where ir is the interest rate on time de- 
posits. If this price ratio is used in equa- 
tion (5) this would imply that M/T will 
not change for a given percentage change 
in both tr and iş. This does not seem 
reasonable. 

The empirically determined indifference 
curves can now be used to aggregate money 
and time deposits. The aggregation pro- 
cedure is illustrated in Figure 1. For a 
given set of Mı and Tı, we find the indiffer- 
ence curve that passes through that point. 
This is the maximum satisfaction that can 
be produced with this combination. From 
the same figure, we also find that the same 
satisfaction can be produced by using 
Mı units of money alone. Hence adding 
for the new constraint, then the regressions will be of 
the form log M/T=a+6 log (1+ni/d). pi is now in- 
dependent of the units of time. Here T is the amount of 
time deposita in the current period. Since u/d is the 
same for all regressions, b will be affected in the same 
manner in all regressions when 4 is small. Hence we can 


still run the same regression. Discussions with Gary 
Becker on this point have been very useful. ` 


Tı units of time deposits to Mı is equiv- 
alent to adding (Ma— Mı) units of money 
to Mı. Determination of such an M, is 
possible whenever the indifference curves 
intersect or are tangent to the M-axis. 
This measure of aggregate liquid assets ts 
exactly the normalized utility function with 
i= 1. 

Friedman and Meiselman [10], in this 
context, point out that one should find 
out the moneyness of other liquid assets 
and use that to give an extended definition 
of money. Our aggregation procedure is 
along the same lines. In order to use this 
procedure, one need not determine com- 
pletely the indifference curve that passes 
through a given M or T. Instead, if we 
assume that 6:=1, then the adjusted 
money, (Ma), is given by 


Ma = (M= + paT) 


after determining the degree of substitu- 
tion between M and T. Our interest is 
to define the aggregate money. For this 
purpose, it seems quite natural to adopt 
the normalization rule, 8ı= 1. 

If money and time deposits are identical 
commodities, then it follows that f= 1 
and p=—1. Then, Ma=(M+T). Thus, 
the simple addition of M and T is justified, 
when M and T are identical. Of course, we 
do not have to make use of a CES function 
to reach this obvious conclusion. The fact, 
however, that the aggregation procedure 
reduces to a reasonable method under 
simple conditions increases our confidence 
in the procedure. 

The methods discussed above were used 
to estimate the elasticity of substitution 
between money and commercial bank time 
deposits using time series data for the 
United States for the period 1945-66.3 

* The money stock and time deposits in commercial 
banks are from various issues of the Federal Reserve 
Bulletin (FRB). Interest rates on time deposits are from 
Cagan [5], for 1945-60 and from various issues of the 


FRB for 1961-66. Current income figures are from 
various issues of Survey of Current Business. 
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log M/T = 1.510 + 34.69 log 1/(1 + 4) 
(1.569) 


R? = .981 
D.W. = 57 


The elasticity of substitution between 
money and time deposits is significantly 
different from zero at the 5 percent level 
and considerably large. Hence we can treat 
M and T as very good substitutes for each 
other. Since there is evidence of auto- 
correlation among the disturbances, the 
standard error has been corrected using 
Wold’s [24] method. When the logarithm 
of the current income is used as an addi- 
tional explanatory variable, it turned out 
to be insignificant at the conventional 
levels. This is in agreement with our theo- 
retical formulation, since our utility func- 
tion implies that M/T will not depend on 
Meo or income for given 4. The implied 
estimate of 82 is found to be 


82 = exp (—1.510/34.69) = .957. 
The adjusted stock of money is given by 
Ma = (M87 + £957 T 971) 1.08 


An indifference curve between M and T 
is shown in Figure 1. This looks almost 
like a straight line, supporting Friedman’s 
hypothesis that M and T are perfect 
substitutes. 

The series relating to M, M-+T, and 
M, are shown in Table 1. It can be seen 
from columns (2) and (3) that there is not 
much difference between M+T and Ma. 
Hence if we are interested in including T, 
we can simply add T to M. 

Similar regressions were run to estimate 
the elasticities of substitution between 
money and the liabilities of savings and 
loan association (SZ) and deposits in 
mutual savings banks (M.S) for the period 
1945-66.‘ The estimated equations are 

4 Savings and loan association shares and time de- 


posits in mutual savings banks and their yields are from 
the Savings and Loan Fact Book, 1967. 


Taste 1—ADJUSTED Money Stock BASED ON 





M ann T 
M M+T Ma 
102.3 132.4 133.5 
110.0 143.8 145.0 
113.6 148.8 150.1 
` 1441.6 147.4 148.6 
111.2 147.3 148.5 
117.7 154.0 155.3 
124.5 162.0 163.8 
129.0 169.7 171.2 
130.5 174.2 175.8 
134.4 181.2 182.9 
138.2 186.6 188.4 
139.7 190.3 192.4 
138.6 194.7 196.9 
144.2 207.4 209.8 
145.6 212.2 214.8 
144.7 216.8 219.7 
149.4 212.2 214.4 
151.6 248.3 252.1 
157.3 268.3 272.6 
164.0 289.2 294.0 
172.0 317.2 322.8 
175.8 335.4 341.9 


log M/SL = 4.612 + 101.851 log 1/(1 + isz) 
(8.900) 


R? = 946, D.W. = .510 
log M/MS = 2.297 + 27.637 log 1/(1 + ius) 
(1.354) 


R? = .980, D.W. = 829 


ts, and tas are yields on SL and MS 
respectively. The elasticity of substitution 
between M and SZ is 101.851, the highest 
among the three assets. These findings 
strongly support Gurley and Shaw’s [14] 
hypothesis and the findings of Lee [20], 
that savings and loan association shares 
are good substitutes for money. Hence we 
join Lee [20] in rejecting the conclusion of 
Feige [9] and Hamburger [15]. Feige, in 
fact, found that savings and loan shares are 
likely to be complementary to money. 

Lee also found that, in the presence 
of the yield on nonbank intermediary 
liabilities, the yields on other assets, like 
time deposits, turn out to be statistically 
insignificant explanatory variables in the 
demand function for money. Hence this 
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implies that time deposits are not substi- 
tutes for money while savings and loan 
association shares are. This conclusion is 
somewhat questionable because the yields 
on various assets are highly correlated and 
hence the standard errors become un- 
reliable. So one cannot conclude on the 
basis of “P values which asset is a substi- 
tute and which is not.’ Also Hamburger 
[15] reports that inclusion of other 
financial assets in M does not increase the 
R?, but sometimes decreases it. But this is 
small wonder because the variance of 
(M-+-T) is different from the variance of 
M. Since the dependent variables are 
different in the two regressions, R? can 
not be reliably used as a basis of com- 
parison. 

A weakness in our approach in esti- 
mating the degree of substitution is that 
we consider only one asset, in addition to 
M, at atime. The movements of M/T may 
reflect a shift between M and T or between 
one of them and other financial assets. 
Hence our estimates of the coefficients are 
likely to be biased. To remove this diffi- 
culty, we have to introduce all the assets 
simultaneously in our model and estimate 
the parameters. This is done in the next 
section. Briefly the results are: (1) The 
elasticity of substitution between T and M 
remains the same as before. (2) The sub- 
stitutability of savings and loan association 
shares becomes somewhat weaker than 
before, but still they remain substitutes 
for money. (3) Deposits in mutual savings 
banks are also substitutes for money. 


II. Some Extensions of the Model 
We now assume that there are more 


5 Lee has used the differentials between yields on 
liquid assets and the yield on money in his regressions 
to avoid the problem of collinearity. Michael J. Ham- 
burger told me that when he recomputed the regressions 
after introducing the yield on money explicitly, instead 
of using the differentials, the interest elasticities for SL 
go down considerably, 


than two financial assets. Let the utility 
function be 
U = f(X1, Xn X2- + Xa), 

where Xi, Xan ©, Xs are the various 
assets. We must now specify the form of 
the utility function. The purpose of our 
study will be defeated if we use the CES 
function for m inputs as generalized by 
Uzawa [23], since the partial elasticity of 
substitution between any two inputs is the 
same. The generalized CES function of 
Mukerjee [21] and Dhrymes and Kurz [7] 
does not assume that the partial elasticities 
are the same. Hence we assume that the 
utility function is given by (8). We assume 
that the budget constraint is given by (9) 
where Y is income and the r’s are the yields 
on the various assets. 

If the utility function is maximized 
subject to (9), we have the following first 
order conditions. 


(10) aan 
aM 

(11) ARET EE T, 
ax; a 
(j = 1, 2, F n), 


where A is a Lagrangian multiplier. 

The parameters of the utility function 
can be estimated using these conditions 
along the lines suggested by Dhrymes and 
Kurz [7]. Dividing (10) by (11) and 
manipulating as before, we have equation 
(12). If we substitute (12) in (9), we get an 
implicit relation between the interest rates, 
M, and Y. This relation can now be solved 
for M. Let the explicit relation between 
M, interest rates, and F be given by 

M = f(n, Tatafa F). 


Assuming log M has a valid Taylor series 
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(8) U = (BM + 6X1" + BaXa" + + Ban)” 
X: Xn 
(9) Mo =f(V, rf +++, fs) = M+ : 
o= f( fi a fa) (oe E EA 
1 B 1 1 +1 
(12) log Rie ee _ log z log M, 
stl Bim semti itry py +1 
(13) log M = a + >. ay log (1 +r) + Guys log Y. 
jml 
expansion in terms of log r; and log Y, we d log (M/X)) 
can write this expansion as equation (13). (14) TM x; = au/a 
When the disturbance terms are intro- log ( =) 
duced in equations (12) and (13), the 0U/aXx; 
parameters of the system can be estimated 1 
using two-stage least squares. First, log M Bio; Xr" 
is estimated as a function of Y and the EET / [i+ ree a ee 
p 


r;s, which are assumed to be exogenous. 
The estimate of log M is then inserted in 
(12) and each equation is estimated indi- 
vidually. The estimates obtained in the 
second stage are consistent and can be 
used to determine the implied estimates of 
the parameters of the production function. 
Also the asymptotic variances of these 
estimates can be calculated using stan- 
dard methods of large sample distribution 
theory. These estimates can then be 
used to calculate the partial elasticity of 
substitution between M and other assets 
defined as: ` 


è Dhrymes and Kurz [7] suggest a method of con- 
structing the confidence interval for p:, given the con- 
fidence interval for 1/(e:—1). This is incorrect because 
if 1/(p:—1) has a “?” distribution, the moments of p; 
will not in general exist for finite samples. Hence only 
asymptotic variance can be used. Also in this case, the 
distribution of 1/(p;—1), a two-stage least squares es- 
timate, is not known for finite samples. 


This is the Hicks-Allen [1] direct partial 
elasticity of substitution. 

Here income and interest rates may not 
be strictly exogenous variables’ and hence 
the two-stage least squares may not be 
consistent for equation (12). Thus the 
ordinary least squares may be no worse 
than the two-stage least squares as far as 
the inconsistency is concerned. Using the 
least squares method, one can simply 
estimate (12) and omit equation (13) and 
the Taylor series approximation alto- 
gether. Both the methods were tried in 
estimating the regression. Since the esti- 
mates of the parameters were almost 
identical, only the ordinary least squares 
estimates are given below. 

The estimated regression equations for 
time deposits, savings and loan associa- 


7 This was pointed out to me by a referee. 
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(15) log T = .118 — 40.384 log Pr + .649 log M R= 991, D.W. =.87 
(2.69) (.19) 
log SL = — 15.398 — 52.346 log Psp +3.517 log MR = 983, D.W. = .49 
(10.25) (.49) 
log MS = — 3.517 — 24.105 log Pus +1.217 log M = FR =.992, D.W. = 84 
(3.32) (.197) 
(16) Ma = [M-54-+ 1,0207-975 + .880MS-959 + 61651, -981]1.038 





tion shares, and mutual savings bank de- 
posits are given in equation (15), where 
P= 1/(i+r;). 

The partial elasticities of substitution 
between M and other assets at their mean 
values are calculated using (14). We have 
the following results: 


ou,r = 30.864 
oust = 35.461 
cums = 23.310 


The partial elasticities of substitution, 
our and ou,Mg are similar to those ob- 
tained in the previous section. The partial 
elasticity of substitution between M and 
SZ is 35.461, compared to 101.851 ob- 
tained before. Our second estimate of 
om, sL™ 35.461 seems more reasonable than 
101.851, since the former is close to 
ou,r and osr,ars- Also it is free from the 
bias due to the single equation approach 
mentioned earlier. There is no reason why 
ou,sy alone should be considerably differ- 
ent from those of other financial assets. 
Also in view of the larger standard errors 
associated with the regression equation 
relating to SZ, one can not conclude that 
the liabilities of savings and loan associa- 
tion are the best substitutes for money. 
The conclusion that can be drawn from 
these regressions is that T, SL, and MS 
are all good substitutes for money. Thus, 


we have provided empirical evidence for 
Gurley and Shaw’s hypothesis. 

Also the utility function in (8) can be 
used to determine the adjusted money 
stock as before. The adjusted stock of 
money in this case is given by equation 
(16). It is interesting to observe that all the 
exponents are very close to one. Also the 
coefficient of time deposits is approxi- 
mately 1, which again supports Friedman’s 
definition. Approximately we can write M 
as 


M. = M+ T + .880MS + .615SL 


On the basis of the coefficients of various 
assets we can probably rank the assets in 
the decreasing order of closeness to money 
as follows: T, MS, and SL. Thus our 
conclusions are different from those of 
Lee [20]. 

It is comforting to find that the weights 
for T, MS, and SL are in the range (0, 1). 
Since the estimates are derived from a least 
squares regression with the unrestricted 
coefficients, the results are really amazing. 
We believe it is only fair to remark that it 
is not a very common event in econo- 
metrics to find the estimated coefficients 
within the relevant range. The weight for 
T is slightly greater than 1; but in view 
of the standard error of the coefficients of 
the regression relating to T and M, this is 
not bad. Also, if T is almost as good as 
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TABLE 2—Apyustep Money Stock Basrep on M, T, SL anp MS. 


M. Ma 
1945 144.75 150.42 
1946 157.67 163.81 
1947 164.16 170.49 
1948 164.38 170.36 
1949 160.20 171.97 
1950 173.91 180.21 
1951 183.96 190.69 
1952 194.69 201.40 
1953 203.33 209.69 
1954 215.01 221.22 
1955 225.02 231.16 
1956 233.78 239.52 
1957 243.53 248.36 
1958 262.37 266.84 
1959 272.71 276.58 
1960 284.23 286.94 
1961 306.57 308.51 
1962 333.52 333.97 
1963 364.39 363.70 
1964 396.45 394.81 
1965 433.73 431.15 
1966 457.43 453.85 
Mean velocity ‘Vis 


Coefficient of Variation 


money, as Friedman and others suspect, 
we would even expect the weight to be 
slightly greater than 1, since it yields a 
positive rate of return. 

Since we have estimates of substitution 
and other parameters, we can define an 
index of interest rates. The exponents in 
the equation for M. are very close to 1, 
and we will just use the marginal rates of 
substitution between M and other assets, 
namely 1, .88, and .615. Hence the interest 
rate index is given by 


fa = (ir + 88%, + .615isz) 
+ (1 + 88 + .615) 


The adjusted money stock series M, 
and M’,, the interest index, ia, and veloci- 
ties based on various definitions of money 
are given in Table 2. It can be seen that 
there is not much difference between M, 
and M’,. The correlation coefficient be- 
ween M. and M+-T is .999. This does not 


N 


Va= i 
View Y/M Y/M. +T Vi=Y/Ma (percent) 


09 1.61 1.47 1.56 
92 1.47 1.33 1.48 
-06 1.57 1.42 1.48 
32 1.76 1.57 1.53 
-32 1.75 1.55 1.59 
42 1.85 1.63 1.66 
64 2.03 1.78 1.74 
69 2.04 1.78 1.94 
80 2.10 1.79 2.03 
70 2.00 1.68 2.13 
88 2.13 1.68 2.19 
00 2.20 ° ‘1.78 2.36 
18 2.26 1,80 2.67 
07 2.13 1.68 2.76 
32 2.27 1.76 2.96 
47 2.31 1.76 3.20 
47 2.24 1.68 3.32 
76 2.26 1.67 3.62 
73 2.28 1.60 3.76 
86 2.19 1.58 3.85 
98 2.16 1.56 4.00 
23 2.22 1.60 4.34 
99 Vı=2.03 Vy=1.65 

.17 12.1 7.6 


mean that one definition is as good as the 
other for all purposes. The mean and stan- 
dard deviation of M+T are 202.67 and 
57.73 respectively, while the mean and 
standard deviation of Mo, are respectively, 
253.72 and 93.07. There is considerable 
difference between the standard devia- 
tions. Hence for purposes of controlling or 
explaining money supply or demand, the 
two series will have different implications. 
But if one is using money stock to predict 
some other variable, say national income, 
then M+T is as good as M'a, or for that 
matter as M. 

Also it can be seen from Table 2 that 
velocity based on M’, is virtually a con- 
stant, while the other velocities vary to a 
considerable extent. The coefficient of 
variation is about one-third of that based 
on the traditional definition of money and 
about one-half of that based on Fried- 
man’s definition of money. Thus, as 
Gurley and Shaw and others have argued, 
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we can attribute the postwar rise in 
velocity (based on the traditional defini- 
tion of money) to the increased avail- 
ability of money substitutes. 


IO. Summary 


In this paper, some methods of esti- 
mating the degree of substitution between 
money and other financial assets are set out 
and used to test the substitution hy- 
pothesis of Gurley and Shaw using U.S. 
time series data for the period 1945-66. 
Also a method of aggregating the various 
liquid assets and interest rates using the 
elasticities of substitution and other eco- 
nomically meaningful parameters is pres- 
ented. The empirical findings of this paper 


are: (1) Time deposits and savings and loan. 


association shares are also very good 
substitutes for money and can be ranked 
in decreasing or order of closeness to money 
as follows: T, MS, and SL. (2) Our empiri- 
cal results lead to the following definition 
of money: 


M'a, = M + T + .880MS + .615SL 


(3) Velocity, based on the new definition of 
money, has been virtually a constant since 
1951. 
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Production, Consumption, and 
Externalities 


By Ropert U. AYRES AND ALLEN V. KNEESE* 


“For all that, welfare economics can no 
more reach conclusions applicable to 
the real world without some knowl- 
edge of the real world than can positive 
economics” [21]. 


Despite tremendous public and govern- 
mental concern with problems such as 
environmental pollution, there has been a 
tendency in the economics literature to 
view externalities as exceptional cases. 
They may distort the allocation of re- 
sources but can be dealt with adequately 
through simple ad hoc arrangements. To 
quote Pigou: 


When it was urged above, that in certain 
industries a wrong amount of resources 
is being invested because the value of 
the marginal social net product there 
differs from the value of the marginal 
private net product, it was tacitly as- 
sumed that in the main body of indus- 
tries these two values are equal [22]. 


And Scitovsky, after having described his 
cases two and four which deal with tech- 
nological externalities affecting consumers 
and producers respectively, says: 


The second case seems exceptional, be- 
cause most instances of it can be and 
usually are eliminated by zoning ord- 


* The authors are respectively visiting scholar and 
director, Quality of the Environment Program, Re- 
sources for the Future, Inc. We are indebted to our 
colleagues Blair Bower, Orris Herfindahl, Charles Howe, 
Jobn Krutilla, and Robert Steinberg for comments on 
an earlier draft. We have also benefited from comments 
by James Buchanan, Paul Davidson, Robert Dorfman, 
Otto Eckstein, Myrick Freeman, Mason Gaffney, 
Lester Lave, Herbert Mohring, and Gordon Tullock. 

1 Even Baumol who saw externalities as a rather per- 
vasive feature of the economy tends to discuss external 
diseconomies like “smoke nuisance” entirely in terms 
of particular examples [3]. A perspective more like that 
of the present paper is found in Kapp [16]. 
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nances and industrial regulations con- 
cerned with public health and safety. 
The fourth case seems unimportant, 
simply because examples of it seem to be 
few and exceptional ps). 


We believe that at least one class of 
externalities—those associated with the 
disposal of residuals resulting from the con- 
sumption and. production process—must 
be viewed quite differently.* They are a 
normal, indeed, inevitable part of these 
processes. Their economic significance 
tends to increase as economic development 
proceeds, and the ability of the ambient 
environment to receive and assimilate 
them is an important natural resource of 
increasing value. We will argue below that 


2 We by no means wish to imply that this is the only 
important class of externalities associated with produc- 
tion and consumption. Also, we do not wish to imply 
that there has been a lack of theoretical attention to the 
externalities problem. In fact, the past few years have 
seen the publication of several excellent articles which 
have gone far toward systematizing definitions and 
illuminating certain policy issues. Of special note are 
Coase [9], Davis and Whinston [12], Buchanan and 
Stubblebine [6], and Turvey [27]. However, all these 
contributions deal with externality as a comparatively 
minor aberration from Pareto optimality in competitive 
markets and focus upon externalities between two 
parties. Mishan, after a careful review of the literature, 
has commented on this as follows: “The form in which 
external effects have been presented in the literature is 
that of partial equilibrium analysis; a situation in which 
a single industry produces an equilibrium output, 
usually under conditions of perfect competition, some 
form of intervention being required in order to induce 
the industry to produce an “ideal” or “optimal” output. 
If the point is not made explicitly, it is tacitly under- 
stood that unless the rest of the economy remains or- 
ganized in conformity with optimum conditions, one 
runs smack into Second Best problems” [21]. 

3 That external diseconomies are integrally related 
to economic development and increasing congestion 
has been noted in passing in the literature. Mishan has 
commented: ‘The attention given to external effects in 
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the common failure to recognize these facts 
may result from viewing the production 
and consumption processes in a manner 
that is somewhat at variance with the 
fundamental law of conservation of mass, 

Modern welfare economics concludes 
that if (1) preference orderings of con- 
sumers and production functions of pro- 
ducers are independent and their shapes 
appropriately constrained, (2) consumers 
maximize utility subject to given income 
and price parameters, and (3) producers 
maximize profits subject to the price 
parameters; a set of prices exists such that 
no individual can be made better off with- 
out making some other individual worse 
off. For a given distribution of income this 
is an efficient state. Given certain further 
assumptions concerning the structure of 
markets, this “Pareto optimum” can be 
achieved via a pricing mechanism and 
voluntary decentralized exchange. 

If waste assimilative capacity of the 
environment is scarce, the decentralized 
voluntary exchange process cannot be free 
of uncompensated technological external 
diseconomies unless (1) all inputs are fully 
converted into outputs, with no unwanted 
material residuals along the way,‘ and all 


final outputs are utterly destroyed in the . 
process of consumption, or (2) property . 


rights are so arranged that all relevant 
environmental attributes are in private 
ownership and these rights are exchanged 


in competitive markets. Neither of these | 


conditions can be expected to hold in an 
actual economy and they do not. 


the recent literature is, I think, fully justified by the 
unfortunate, albeit inescapable, fact that as societies 
grow in material wealth, the incidence of these effects 
grows rapidly...” [21]; and Buchanan and Tullock 
have stated that as economic development proceeds, 
“congestion” tends to replace “co-operation” as the 
underlying motive force behind collective action, ie., 
controlling external diseconomies tends to become more 
important than cooperation to realize external econ- 
omies [7]. . 

4 Or any residuals which occur must be stored on the 
producer’s premises. 


Nature does not permit the destruction ` 
of matter except by annihilation with anti- 
matter, and the means of disposal of un- 
wanted residuals which maximizes the 
internal return of decentralized decision 
units is by discharge to the environment, 
principally, watercourses and the atmo- 
sphere. Water and air are traditionally 
examples of free goods in economics. But 
in reality, in developed economies they are 
common property resources of great and 
increasing value presenting society with 
important and difficult allocation problems 
which exchange in private markets cannot 
resolve. These problems loom larger as 
increased population and industrial pro- 
duction put more pressure on the environ- ` 
ment’s ability to dilute and chemically 
degrade waste products. Only the crudest 
estimates of present external costs associ- 
ated with residuals discharge exist but it 
would not be surprising if these costs were 
in the tens of billions of dollars annually.® 
Moreover, as we shall emphasize again, 
technological means for processing or 
purifying one or another type of waste dis- 
charge do not destroy the residuals but 
only alter their form. Thus, given the 
level, patterns, and technology of produc- 
tion and consumption, recycle of materials 
into productive uses or discharge into an 
alternative medium are the only general 
options for protecting a particular en- 
vironmental medium such as water. Re- 
sidual problems must be seen in a broad 
regional or economy-wide context rather 


"it is interesting to compare this with estimates of 
the cost of another well known misallocation of re- 
sources that has occupied a central place in economic 
theory and research. In 1954, Harberger published an 
estimate of the welfare cost of monopoly which in- 
dicated that it amounted to about .07 percent of GNP 
[15]. In a later study, Schwartzman calculated the al- 
locative cost at only .01 percent of GNP [24]. Lefben- 
stein generalized studies such as these to the statement 
that “...in a great many instances the amount to be 
gained by increasing allocative efficiency is trivial...” 
[19]. But Leibenstein did not consider the allocative 
costs associated with environmental pollution. 
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than as separate and isolated problems of 
disposal of gas, liquid, and solid wastes. 
Frank Knight perhaps provides a key to 
why these elementary facts have played so 
small a role in economic theorizing and 
empirical research. 
The next heading to be mentioned ties 
up with the question of dimensions from 
another angle, and relates to the second 
main error mentioned earlier as con- 
nected with taking food and eating as 
the type of economic activity. The basic 
economic magnitude (value or utility) 
is service, not good. It is inherently a 
stream or flow in time . . . [18].° 


Almost all of standard economic theory 
is in reality concerned with services. Mate- 
rial objects are merely the vehicles which 
carry some of these services, and they are 
exchanged because of consumer preferences 
for the services associated with their use or 
because they can help to add value in the 
manufacturing process. Yet we persist in 
referring to the “final consumption” of 
goods as though material objects such as 
fuels, materials, and finished goods some- 
how disappeared into the void—a practice 
which was comparatively harmless so long 
as air and water were almost literally free 
goods.’ Of course, residuals from both the 
production and consumption processes 
remain and they usually render disservices 
(like killing fish, increasing the difficulty 
of water treatment, reducing public health, 
soiling and deteriorating buildings, etc.) 
rather than services. Control efforts are 
aimed at eliminating or reducing those dis- 
services which flow to consumers and pro- 





ë The point was also clearly made by Fisher: “The 
only true method, in our view, is to regard uniformly as 
income the service of a dwelling to its owner (shelter or 
money rental), the service of a piano (music), and the 
service of food (nourishment) ...” (emphasis in orig- 
inal) [14]. 

7 We are tempted to suggest that the word consump- 


tion be dropped entirely from the economist’s vocabu-. 


lary as being basically deceptive. It is difficult to think 
of a suitable substitute, however. At least, the word 
consumption should not be used in connection with 
goods, but only with regard to services or flows of “util- 
ity.” 


ducers whether they want them or not and ' 
which, except in unusual cases, they can- 
not control by engaging in individual 
exchanges. ® 


I. The Flow of Materials 


To elaborate on these points, we find it 
useful initially to view environmental 
pollution and its control as a materials 
balance problem for the entire economy.’ 
The inputs to the system are fuels, foods, 
and raw materials which are partly con- 
verted into final goods and partly become 
waste residuals. Except for increases in 
inventory, final goods also ultimately 
enter the waste stream. Thus goods which 
are “consumed” really only render certain 
services. Their material substance remains 
in existence and must either be reused or 
discharged to the ambient environment. 

In an economy which is closed (no im- 
ports or exports) and where there is no 
net accumulation of stocks (plant, equip- 
ment, inventories, consumer durables, or 
residential buildings), the amount of 
residuals inserted into the natural environ- 
ment must be approximately equal to the 
weight of basic fuels, food, and raw mate- 
rials entering the processing and produc- 
tion system, plus oxygen taken from the 
atmosphere.’ This result, while obvious 


$ There is a substantial literature dealing with the 
question of under what conditions individual exchanges 
can optimally contre] technological externa] disecon- 
omies. A discussion of this literature, as it relates to 
waterborne residuals, is found in Kneese and Bower 
[17]. 

°? As far as we know, the idea of applying materials 
balance concepts to waste disposal problems was first 
expressed by Smith [26]. We also benefitted from an 
unpublished paper by Joseph Headley in which a pollu- 
tion “matrix” is suggested. We have also found ref- 
erences by Boulding to a “spaceship economy” sug- 
gestive [4]. One of the authors has previously used a 
similar approach in ecological studies of nutrient inter- 
change among plants and animals; see [1]. 

10 To simplify our language, we will not repeat this 
essential qualification at each opportunity, but as- 
sume it applies throughout the following discussion. In 
addition, we must include residuals such as NO and 
NO; arising from reactions between components of the 
air itself but occurring as combustion by-products. 
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Figure 1.—~Marertars Flow 


upon reflection, leads to the, at first rather 
surprising, corollary that residuals dis- 
posal involves a greater tonnage of mate- 
rials than basic materials processing, al- 
though many of the residuals, being gas- 
eous, require no physical “handling.” 
Figure 1 shows a materials flow of the 
type we have in mind in greater detail and 
relates it to a broad classification of eco- 
nomic sectors for convenience in our later 
discussion, and for general consistency 
with the Standard Industrial Classifica- 
tion. In an open (regional or national) 
economy, it would be necessary to add 
flows representing imports and exports. 
In an economy. undergoing stock or capital 
accumulation, the production of residuals 
in any given year would be less by that 
amount than the basic inputs. In the 
entire U.S. economy, accumulation ac- 
counts for about 10-15 percent of basic 
annual inputs, mostly in the form of 


construction materials, and there is some 
net importation of raw and partially pro- 
cessed materials amounting to 4 or 5 per- 
cent of domestic production. Table 1 shows 
estimates of the weight of raw materials 
produced in the United States in several 
recent years, plus net imports of raw and 
partially processed materials. 

Of the active inputs," perhaps three- 
quarters of the overall weight is eventually 
discharged to the atmosphere as carbon 
(combined with atmospheric oxygen in the 
form of CO or CO:) and hydrogen (com- 
bined with atmospheric oxygen as H,O) 
under current conditions. This results from 
combustion of fossil fuels and from animal 
respiration. Discharge of carbon dioxide 
can be considered harmless in the short 
run. There are large “sinks” (in the form 
of vegetation and large water bodies, 


u See footnote to Table 1. 
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TABLE 1—WEIGHT oF Basc MATERIALS PRODUCTION 
IN THE UNITED STATES PLUS NET IMPORTS, 
1963 (108 tons) 








Agricultural (incl, fishery 
and wildlife and forest) 
products 

Crops (excl. live- 
stock feed) 

Livestock 
Other products 
Fishery 

Forestry products (85 per 
cent dry wt. basis) 


Food 














Sawlogs 
Pulpwood 
Other 
Total 
Mineral fuds 1,448 
Other minerals 
Iron ore 245 
Other metal ores 191 
Other nonmetals 149 | 
Total 585 
Grand total* 2,392 | 2,492 


* Excluding construction materials, stone, sand, 
gravel, and other minerals used for structural pur- 
poses, ballast, fillers, insulation, etc. Gangue and mine 
tailings are also excluded from this total. These ma- 
terials account for enormous tonnages but undergo es- 
sentially no chemical change, Hence, their use is more 
or less tantamount to physically moving them from one 
location to another. If this were to be included, there is 
no logical reason to exclude material shifted in highway 
cut and fill operations, harbor dredging, land-fill, plow- 
ing, and even silt moved by rivers. Since a line must be 
pike somewhere, we chose to draw it as indicated 
above. ` 


Source: R. U. Ayres and A. V. Kneese [2, p. 630}. 


mainly the oceans) which reabsorb this 
gas, although there is evidence of net ac- 
cumulation of CO; in the atmosphere. 
Some experts believe that the latter is 
likely to show a large relative increase, 
as much as 50 per cent by the end of the 
century, possibly giving rise to significant 
—and probably, on balance, adverse— 
weather changes. Thus continued com- 


a See [30]. There is strong evidence that discharge of 
residuals has already affected the climate of individual 
cities; see Lowry [20]. 


bustion of fossil fuels at a high rate could 
produce externalities affecting the entire - 
world. The effects associated with most 
residuals will normally be more confined, 
however, usually limited to regional air and 
water sheds. 

The remaining residuals are either gases 
(like carbon monoxide, nitrogen dioxide, 
and sulfur dioxide—all potentially harmful 
even in the short run), dry solids (like 
rubbish and scrap), or wet solids (like gar- 
bage, sewage, and industrial wastes sus- 
pended or dissolved in water). In a sense, 
the dry solids are an irreducible, limiting 
form of waste. By the application of appro- 
priate equipment and energy, most un- 
desirable substances can, in principle, be 
removed from water and air streams®— 
but what is left must be disposed of in solid 
form, transformed, or reused. Looking at 
the matter in this way clearly reveals a 
primary interdependence between the 
various waste streams which casts into 
doubt the traditional classification of air, 
water, and land pollution as individual 
categories for purposes of planning and 
control policy. 

Residuals do not necessarily have to be 
discharged to the environment. In many 
instances, it is possible to recycle them 
back into the productive system. The | 
materials balance view underlines the fact 
that the throughput of new materials 
necessary to maintain a given level of 
production and consumption decreases as 
the technical efficiency of energy conver- 
sion and materials utilization increases. 
Similarly, other things being equal, the 
longer that cars, buildings, machinery, 
and other durables remain in service, the 
fewer new materials are required to com- 
pensate for loss, wear, and obsolescence— 
although the use of old or worn machinery 
(e.g., automobiles) tends to increase other 
residuals problems. Technically efficient 
combustion of (desulfurized) fossil fuels 


x Except COs, which may be harmful in the long run, 
as noted. 
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would leave only water, ash, and carbon ' 


dioxide as residuals, while nuclear energy 
conversion need leave only negligible 
quantities of material residuals (although 
thermal pollution and radiation hazards 
cannot be dismissed by any means). 
Given the population, industrial produc- 
tion, and transport service in an economy 
(a regional rather than a national economy 
would normally be the relevant unit), it is 
possible to visualize combinations of social 
policy which could lead to quite different 
relative burdens placed on the various 
residuals-receiving environmental media; 
or, given the possibilities for recycle and 
less residual-generating production pro- 
cesses, the overall burden to be placed 
upon the environment as a whole. To take 
one extreme, a region which went in 
heavily for electric space heating and wet 
scrubbing of stack gases (from steam 
plants and industries), which ground up 
its garbage and delivered it to the sewers 
and then discharged the raw sewage to 
watercourses, would protect its air re- 
sources to an exceptional degree. But this 
would come at the sacrifice of placing a 
heavy residuals load upon water resources. 
On the other hand, a region which treated 


municipal and industrial waste water 


streams to a high level and relied heavily on 
the incineration of sludges and solid wastes 
would protect its water and land resources 
at the expense of discharging waste 
residuals predominantly to the air. Finally, 


a region which practiced high level re- . 


covery and recycle of waste materials and 
fostered low residual production processes 
to a far reaching extent in each of the 
economic sectors might discharge very 
little residual waste to any of the environ- 
mental media. 

Further complexities are added by the 
fact that sometimes it is possible to modify 
an environmental medium through invest- 
ment in control facilities so as to improve 
its assimilative capacity. The clearest, but 
far from only, example is with respect to 


t 
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watercourses where reservoir storage can be 
used to augment low river flows that ordi- 
narily are associated with critical pollution 
(high external cost situations). Thus 
internalization of external costs associated 
with particular discharges, by means of 
taxes or other restrictions, even if done 
perfectly, cannot guarantee Pareto opti- 
mality. Investments involving public good 
aspects must enter into an optimal solu- 
tion. 

To recapitulate our main points briefly: 
(1) Technological external diseconomies 
are not freakish anomalies in the processes 
of production and consumption but an 
inherent and normal part of them. (2) 
These external diseconomies are quantita- 
tively negligible in a low-population or 
economically undeveloped setting, but 
they become progressively (nonlinearly) 
more important as the population rises 
and the level of output increases (i.e., as 
the natural reservoirs of dilution and 
assimilative capacity become exhausted).!* 
(3) They cannot be properly dealt with by 
considering environmental media such as 
air and water in isolation. (4) Isolated and 
ad hoc taxes and other restrictions are not 
sufficient for their optimum control, al- 
though they are essential elements in a 
more systematic and coherent program of 
environmental quality management. (5) 
Public investment programs, particularly 
including transportation systems, sewage 
disposal, and river flow regulation, are 
intimately related to the amounts and 


4 Careful empirical work has shown that this tech- 
nique can fit efficiently into water quality management 
systems. See Davis [11]. 

4% A discussion of the theory of such public invest- 
ments with respect to water quality management is 
found in Boyd [5]. 

8 Externalities associated with residuals discharge 
may appear only at certain threshold values which are 
relevant only at some stage of economic development 
and industrial and population concentrations. This may 
account for their general treatment as “exceptional” 
cases in the economics literature. These threshold values 
truly were exceptional cases for less developed econ- 
omies. 
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effects of residuals and must be planned in 
light of them. 

It is important to develop not only 
improved measures of the external costs 
resulting from differing concentrations 
and duration of residuals in the environ- 
ment but more systematic methods for 
forecasting emissions of external-cost-pro- 
ducing residuals, technical and economic 
trade-offs between them, and the effects of 
recycle on environmental quality. 

In the hope of contributing to this effort 
and of revealing more clearly the types of 
information which would be needed tc 
implement such a program, we set forth a 
more formal model of the materials balance 
approach in the following sections and 
relate it to some conventional economic 
models of production and consumption. 
The main objective is to make some prog- 
ress toward defining a system in which 
flows of services and materials are simul- 


taneously accounted for and related to ` 


welfare. 


I. Basic Model 


The take off point for our discussion is 
the Walras-Cassel general equilibrium 
model,!” extended to include intermediate 
consumption, which involve the following 
- quantities: 


resources and services 














The original references are Walras [28] and Cassel 
[8]. Our own treatment is largely based on Dorfman 
a al. [13]. 


The M basic resources are allocated among 
the N sectors as follows: 


fı = GnXı + auX t+ +--+ + ainXy 
Ta = 4aXı + 02X t $ + davXn 


Tu = GtuXı + OueXet+ +++ + GuNXN 
(1a) or l 
` N 
t=) aX f=i,--+,M 
k=l 


In (1a) we have implicitly assumed that 
there is no possibility of factor or process 
substitution and no joint production. 
These conditions will be discussed later. 
In matrix notation we can write: 


_ (1b) balun = [orlu [Xr], 


where [a] isan MXN matrix. 

A similar set of equations describes the 
relations between commodity production 
and final demand: 


N 
(2a) X=}, Anfi k=1,++-,N 
tn] 


(2b) [Xulwa = [Aulww-[Valva 
| 


and the matrix [A | is given by 
(3) [4] = [z - c}! 


where [J] is the unit diagonal matrix and 
the elements C; of the matrix [C] are 
essentially the well known Leontief input 


. coefficients. In principle these are functions 


of the existing technology and, therefore, 
are fixed for any given situation. 

By combining (1) and (2), we obtain a 
set of equations relating resource inputs 
directly to final demand, viz., 


N N N 
r; = Dae >, AmY1 = Do apAm: 
(lmt 


kel bow] 
N 


= Dbl, 
tax] 


(4a) 
J=1; M 


or, of course, in matrix notation (4b). 
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Irs = lanle [Arlyn [Yuly.. 
= [balun [Palys 


We can also impute the prices of N 
intermediate goods and commodities to the 
prices of the M basic resources, as follows: 


(4b) 


M 
(5a) $k = Dd vba k= 1, oes N 

fel 
(Sb) [pula = [Pulia [balu 

To complete the system, it may be 
supposed that demand and supply rela- 
tionships are given, a priori, by Pareto- 
type preference functions: 
(6) Demand: F, = Fi(fi,--- 
k 


fk = Gy (vi, SSS var) 

k=l, M 
where, of course, the #; are functions of the 
9; as in (5b). 

In order to interpret the X’s as physical 
production, it is necessary for the sake of 
consistency to arrange that outputs and 
inputs always balance, which implies that 
the C,; must comprise all materials ex- 
changes including residuals. To complete 
the system so that there is no net gain or 
loss of physical substances, it is also con- 
venient to introduce two additional sec- 
tors, viz., an “environmental” sector 
whose (physical) output is Xo and a 
“final consumption” sector whose output 
is denoted X;. The system is then easily 
balanced by explicitly including flows both 
to and from these sectors. 

To implement this further modification 
of the Walras-Cassel model, it is conven- 
ient to subdivide and relabel the resource 
category into tangible raw materials {rm} 
and services | r*}: 


Supply: 
(7) 


Ty ” 


fı 
fi ra 
: raw materials 
(units) 
m 
TL TL 
becomes 


FL r 
K : service’ 


i : | (units) 
i i 
Tar Tp 


becomes 
where, of course, 
(8) L+P=M 


It is understood that services, while not 
counted in tons, can be measured in 
meaningful units, such as man-days, with 
well defined prices. Thus, we similarly 
relabel the price variables as follows: 


Vi 7 y? 
. raw material 

prices 

Vi Vr. 

becomes 
Vina vi : 
labor and service 

prices 

Var v, 


The coefficients {ay}, {bu} are similarly 
partitioned into two groups, 


mm 

€g., bi by 
m 

‘bry Ly 
becomes , 

brats “u 
a 

bmi bpj 


These notational changes have no effect 
whatever on the substance of the model, 
although the equations become somewhat 
more cumbersome. The partitioned matrix 
notation simplifies the restatement of the 
basic equations. Thus (1b) becomes (9), 
while (5b) becomes (10). 
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r” L 
(9) Mi rj= = 
rt P 
m 
lno bw] = [or o] M 
N L P bf 
S 
10 
(10) u 
W 


The equivalent of (5a) is: 


p mm r : a 
D bany + Dobay 


j=l j=i 


br = 


ney earn ee 

(11) prices imputed prices imputed 
to cost of raw to cost of 
materials services 


where k = 1,°--,N 


We wish to focus attention explicitly on 
the flow of materials through the economy. 
By definition of the Leontief input coeffi- 
cients (now related to materials flow), we 
have: 

CX; (physical) quantity transferred 
from k toj 


CaX, quantity transferred from f to k 


Hence, material flows from the environ- 
ment to all other sectors are given by: 


N L n L N "i 
2 CooXe = Dory = DD aXe 


ko] j=1 j=l k=l 
(12) LN n 
= 2, 2 bale 
j=l k=l 


using equation (1), as modified.!8 Obvi- 


18 Ignoring, for convenience, any materials fow from 
the environment dérecily to the final consumption sector. 
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ously, comparing the first and third terms, 


Cor 


L m 
= Ajk 
jml 


aaaeeeaa 
all raw materials 
(0 to k) 


(13) 


$n $n 
total material 
flow (0 to k) 


Flows into and out of the environmental 
sector must be in balance: 


N 
È CuX 


kel 


N 

= > CroXo + CroXo 
kul 

(14) 


ee A 
sum of all return 
(waste) flows 


ey ntl 
sum of all raw 
material flows 


Material flows to and from the final sector 
must also balance: 


N 
De Cu X; 


kel 
e_y 


sum of all 
final goods 
N 


15 
aa D2 CX + 
k=l 


Cto o 


ee ee 
waste residuals 
(plus accumulation!) 


yet 

sum of all 
materials 
recycled 


» For convenience, we can treat accumulation in the 
final sector as a return flow to the environment. In 
truth, structures actually become part of our environ- 
ment, although certain disposal costs may be deferred. 
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Of course, by definition, X; is the sum of 
the final demands: 


N 
(16) X= DY; 
fol 
Substituting (16) into the left side of (15) 
and (2a) into the right side of (15), we 
obtain an expression for the waste flow 
in terms of final demands: 


N N 
(17) CyoXo = 2, © (Cu — CrA j) Yr 

j=l kel 

The treatment could be simplified 

slightly if we assumed that there is no 
recycling per se. Thus, in the context of the 
model, we could suppose that all residuals 
return to the environmental sector, 
where some of them (e.g., waste paper) 
become “raw materials.’ They would 
then be indistinguishable from new raw 
materials, however, and price differentials 
between the two would be washed out. In 
principle, this is an important distinction 
to retain. 


III. Inclusion of Externalities 


The physical flow of materials between 
various intermediate (production) sectors 
and the final (consumption) sector tends to 
be accompanied by, and correlated with, a 
(reverse) flow of dollars.“ However, the 
physical flow of materials from and back to 
the environment is only partly reflected by 
actual dollar flows, namely, land rents and 
payments for raw materials. There are 
three classes of physical exchange for 
which there exist no counterpart economic 
transactions. These are: (1) private use for 
production inputs of “common property” 
resources, notably air, streams, lakes, and 
the ocean; (2) private use of the assimila- 


2 In calculating actual quantities, we would (by con- 
vention) ignore the weight of oxygen taken free from 
the atmosphere in combustion and return as CO*. How- 
ever, such inputs will be treated explicitly later. 

u To be precise, the dollar flow governs and is 
governed by 2 combined flow of materials and services 
(value added), : 


tive capacity of the environment to ‘‘dis- 
pose of” or dilute wastes and residuals; (3) 
inadvertent or unwanted material inputs 
to productive processes—diluents and 
pollutants. 

All these goods (or “bads’’) are physi- 
cally transferred at zero price, not because 
they are not scarce relative to demand— 
they often are in developed economies— 
or because they confer no service or dis- 
service on the user—since they demon- 
strably do so—but because there exist no 
social institutions that permit the resources 
in question to be “owned,” and exchanged 
in the market. 

The allocation of resources correspond- 
ing to a Pareto optimum cannot be at- 
tained without subjecting the above-men- 
tioned nonmarket and involuntary ex- 
changes to the moderation of a market or a 
surrogate thereof. In principle, the influ- 
ence of a market might be simulated, to a 
first approximation, by introducing a set of 
shadow (or virtual) prices." These may 
well be zero, where supply truly exceeds 
demand, or negative (i.e., costs) in some 
instances; they will be positive in others. 
The exchanges are, of course, real. 

The Walras-Cassel model can be gene- 
ralized to handle these effects in the follow- 
ing way: 

1. One can introduce a set of R common- 
property resources or services of raw 
materials {r?, - - - , rg} asa subset of the 
set {r;}; these will have corresponding 
virtual prices {9}, which would consti- 
tute an “income” from the environment. 
Such resources include the atmosphere; 
streams, lakes, and oceans; landscape; 
wildlife and biological diversity; and the 
indispensable assimilative capacity of the 
environment (its ability to accept and 
neutralize or recycle residuals).# 

A similar concept exists in mechanics where the 
forces producing “reaction” (to balance action and re- 
action) are commonly described as “virtual forces.” 

3 Economists have previously suggested generaliza- 
tion of the Walras-Caasel model to take account of 
public goods. One of the earliest appears to be Schles- 
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2. One can introduce a set of S environ- 
mental disservices imposed on consumers 
of material resources, by forcing them to 
accept unwanted inputs {rt,---, rë} 
(pollutants, contaminants, etc.); these 
disservices would have negative value, 
giving rise to negative virtual prices {u;}.* 

The matrix coefficients {a,;} and {ba} 
can be further partitioned to take account 
of this additional refinement, and equa- 
tions analogous to (9), (10), and (11) can 
be generalized in the obvious way. Equa- 
tion (6) carries over unchanged, but (7) 
must be appropriately generalized to take 
account of the altered situation. Actually, 
(7) breaks up into several groups of equa- 
tions: 


(18) re = Gi (1, i -, py) 
keletas 
ay BEE sb 
ok eee 2 


However, as we have noted at the outset, 
the supplies of common-property resources 
and environmental services or disservices 
are not regulated directly by market 
prices of other goods and services. In the 
case of common-property resources, the 
supplies are simply constants fixed by 
nature or otherwise determined by acci- 
dent or noneconomic factors. 

The total value of these services per- 
formed by the environment cannot be 





inger [23]. We are indebted to Otto Eckstein for calling 
our attention to this key reference. 

“ The notion of introducing the possibility of nega- 
tive prices in general equilibrium theory has apparently 
been discussed before, although we are not aware of 
any systematic development of the idea in the published 
literature. In this connection, it is worth pointing out 
the underlying similarity of negative prices and ef- 
fluent taxes—which have been, and still are being con- 
sidered as an attractive alternative to subsidies and 
federal standard-setting as a means of controlling air 
and water pollution. Such taxes would, of course, be an 
explicit attempt to rectify an imbalance caused by a 
market failure. 


calculated but it is suggestive to consider 
the situation if the natural reservoir of air, 
water, minerals, etc., were very much 
smaller, as if the earth were a submarine 
or “spaceship” (i.e. a vehicle with no 
assimilative and/or regenerative capacity). 
In such a case, all material resources would 
have to be recycled,* and the cost of all 
goods would necessarily reflect the cost of 
reprocessing residuals and wastes for 
reuse. In this case, incidentally, the am- 
bient level of unrecovered wastes con- 
tinuously circulating through the resource 
inventory of the system (i.e., the space- 
ship) would in general be nonzero because 
of the difficulty of 100 percent efficient 
waste-removal of air and water. However, 
although the quantitity of waste products 
in constant circulation may fluctuate 
within limits, it cannot be allowed to 
increase monotonically with time, which 
means that as much material must be 
recycled, on the average, as is discarded. 
The value of common resources plus the 
assimilation services performed by the 
environment, then, is only indirectly a 
function of the ambient level of untreated 
residuals per se, or the disutility caused 
thereby, which depend on the cost effi- 
ciency of the available treatment tech- 
nology. Be this as it may, of course, the 
bill of goods produced in a spaceship 
economy would certainly be radically 
different from that we are familiar with. 
For this reason, no standard economic 
comparison between the two situations is 
meaningful. The measure of worth we are 
seeking is actually the difference between 
the total welfare “produced” by a space- 
ship economy, where 100 percent of all 
residuals are promptly recycled, vis-a-vis 
the existing welfare output on earth, where 
resource inventories are substantial and 


% Any consistent deviation from this 100 per cent 
tule implies an accumulation of waste products, on the 
average, which, by definition, is inconsistent with main- 
taining an equilibrium. 
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complete recycling need not be con- 
templated for a very long time to come. - 

This welfare difference might well be 
very large, although we possess no meth- 
odological tools for quantifying it. In any 
case, the resource inventory and assimila- 
tive capacity of the environment probably 
contribute very considerably to our stan- 
dard of living. 

If these environmental contributions 
were paid for, the overall effect on prices 
would presumably to be push them 
generally upward. However, the major 
differential effect of undervaluing the 
environmental contribution is that goods 
produced by high residual-producing pro- 
cesses, such as papermaking, are sub- 
stantially underpriced vis-a-vis goods 
which involve more economical uses of 
basic resources. This is, however, not 
socially disadvantageous per se: that is, it 
causes no misallocation of resources unless, 
or until, the large resource inventory 
and/or the assimilative capacity of the 
environment are used up. When this 
happens, however, as it now has in most 
highly industrialized regions, either a 
market must be allowed to operate or some 
other form of decision rule must be intro- 
duced to permit a rational choice to be 
made, e.g., between curtailing or con- 
trolling the production of residuals or 
tolerating the effects (disservice) thereof. 

It appears that the natural inventory of 
most common resources used as inputs 
(e.g., air as an input to combustion and 
respiratory processes) is still ample,’ but 
the assimilative capacity of the environ- 
ment has already been exceeded in many 
areas, with important external costs re- 
sulting. This suggests a compromise treat- 


% Water is an exception in arid regions; in humid re- 
gions, however, water “shortages” are misnomers: they 
are really consequences of excessive use of water- 
courses as cheap means of waste disposal. But some 
ecologists have claimed that oxygen depletion may be a 
very serious long-run problem; see Cole [10]. 


ment. If an appropriate price could be 
charged to the producers of the residuals 
and used to compensate the inadvertent 
recipients—with the price determined by 
appropriate Pareto preference criteria— 
there would be no particular analytic pur- 
pose in keeping books on the exchange of 
the other environmental benefits men- 
tioned, although they are quantitatively 
massive. We will, therefore, in the remain- 
der of the discussion omit the common- 
property variables {r?} and the corre- 
sponding virtual-price variables {v?} de- 
fined previously, retaining only the terms 
{r¥} and {uj}. The variable {r¥} repre- 
sents a physical quantity of the 7th un- 
wanted input. There are S such terms, by 
assumption, whose magnitudes are propor- 
tional to the levels of consumption of basic 
raw materials, subject to the existing 
technology. However, residuals production 
is not immutable: it can be increased or 
decreased by investment, changes in ma- 
terials processing technology, raw material 
substitutions, and so forth. 

At first glance it might seem entirely 
reasonable to assert that the supplies of 


„unwanted residuals received will be func- 


tions of the (negative) prices (i.e., com- 
pensation) paid for them, in analogy with 
(7). Unfortunately, this assertion im- 
mediately introduces a theoretical diffi- 
culty, since the assumption of unique coe- 
ficients {a4} and {C,,}*7 is not consistent 
with the possibility of factor or process 
substitution or joint-production, as stated 
earlier. To permit such substitutions, one 
would have to envision a very large collec- 
tion of alternative sets of coefficients: one 
complete set of a’s and C’s for each specific 
combination of factors and processes. Max- 
imization of any objective function (such 
as GNP) would involve solving the entire 
system of equations as many times as 
there are combinations of factors and pro- 


7 Or {bis} and {Au}. 
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cesses, and picking out that set of solutions 
which yields the largest value. Alterna- 
tively, if the a’s and C’s are assumed to be 
continuously variable functions (of each 
other), the objective function could also, 
presumably, be parameterized. However, 
as long as the a’s and C’s are uniquely 
given, the supply of the kth unwanted 
residual is only marginally under the con- 
trol of the producer, since it will be pro- 
duced in strict relationship to the composi- 
tion of the bill of final goods {F;}. 

Hence, for the present model it is only 

correct to assume 
(202) m= Gi(¥,---, Yy) 
This limitation does not affect the exis- 
tence of an equilibrium solution for the 
system of equations; it merely means that 
the shadow prices {uj} which would 
emerge from such a solution for given 
coefficients {a,;}, {bu}, and {Cy} might 
be considerably higher than the real 
economic optimum, since the latter could 
only be achieved by introducing factor 
and process changes. 

Of course, the physical inputs are also 
related to the physical outputs of goods, 
as in (21). 

Written out in full detail (21) is equivalent 
to: 


N N 
raw i= at SS bah 
(22) materials i > Fin 2 pa 
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labor and, N, y, 
technical T = > lr; Xj = Z bay Y; 
(23) services j=l j= 
k=1, ee 
d “u N u N u 
(24) inputs 2 T 2 is 
k = 1, se 8 n S 
where, of course, l 
(25) L+P+S=M 


The corresponding matrix equation for 
the prices of goods, in terms of production 
costs, is 


[2n ++, pw) = [om vi ulr om 
(26) bt 


b= 
Written out in the standard form, we 
obtain 


L P 
H= Dbamy + Ebay 
fol j=l 


C es 
cost of labor 
and technical 
_ services 


8 
+ Ebay 
fel 


e 
cost of raw 
materials 


(27) 





cost (compensa- 
tion) for pro- 
viding environ- 
mental disser- 
vices 


k=, N 
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Evidently, the coefficients b% are em- 
pirically determined by the structure of 
the regional economy and its geography. 
It is assumed that a single overall (nega- 
tive) price for each residual has meaning, 
even though each productive sector—and 
even each consumer—has his own indi- 
vidual utility function. Much the same 
assumption is conventionally made, and 
accepted, in the case of positive real prices. 

All of the additional variables now fit 
into the general framework of the original 
Walras-Cassel analysis. Indeed, we have 
2N-+2M —1 variables (r., Vs, p; 0:) (allow- 
ing an arbitrary normalization factor for 
the price level) and 2V-+2M—1 indepen- 
dent equations.®* If solutions exist for the 
Walras-Cassel system of equations, the 
arguments presumably continue to hold 
true for the generalized model. In any 
case, a discussion of such mathematical 
questions would carry us too far from our 
main theme. i 


IV. Concluding Comments 


The limited economics literature cur- 
rently available which is devoted to en- 
vironmental pollution problems has gen- 
erally taken a partial equilibrium view of 
the matter, as well as treated the pollution 
of particular environmental media, such 
as air and water, as separate problems.?? 
This no doubt reflects the propensity of the 
theoretical literature to view externalities 
as exceptional and minor. Clearly, the 
partial equilibrium approach in particular 
is very convenient theoretically and em- 
pirically for it permits external damage 
and control cost functions to be defined 
for each particular case without reference 
to broader interrelationships and adjust- 
ments in the economy. 


2 There is one redundant equation in the system, 
which expresses the identity between gross product and 
gross income for the system as a whole (sometimes 
called “Walras law”). 

% See, for example, the essays in Wolozin [29]. 


We have argued in this paper that the 
production of residuals is an inherent and 
general part of the production and con- 
sumption process and, moreover, that 
there are important trade-offs between 
the gaseous, liquid, or solid forms that these 
residuals may take. Further, we have 
argued that under conditions of intensive 
economic and population development the 
environmental media which can receive 
and assimilate residual wastes are not free 
goods but natural resources of great value 
with respect to which voluntary exchange 
cannot operate because of their common 
property characteristics. We have also 
noted, in passing, that the assimilative 
capacity of environmental media can 
sometimes be altered and that therefore 
the problem of achieving Pareto optimality 
reaches beyond devising . appropriate 
shadow prices and involves the planning 
and execution of investments with public 
goods aspects. 

We have exhibited a formal mathemati- 
cal framework for tracing residuals flows 
in the economy and related it to the gen- 
eral equilibrium model of resources allo- 
cation, altered to accommodate recycle 
and containing unpriced sectors to repre- 
sent the environment. This formulation, 
in contrast to the usual partial equilibrium 
treatments, implies knowledge of all pref- 
erence and production functions including 
relations between residuals discharge and 
external cost and all possible factor and 
process substitutions. While we feel that 
it represents reality with greater fidelity 
than the usual view, it also implies a cen- 
tral planning problem of impossible dif- 
ficulty, both from the standpoint of data 
collection and computation. 

What, if any, help can the general inter- 
dependency approach we have outlined 
offer ‘in dealing with pollution problems 
effectively and reasonably efficiently? A 
minimal contribution is its warning that 
partial equilibrium approaches, while more 
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tractable, may lead to serious errors. Sec- 
ond, in projecting waste residuals for 
an economy—a regional economy would 
usually be the most relevant for planning 
and control—the inter-industry materials 
flow model can provide.a much more con- 
ceptually satisfying and accurate tool for 
projecting future residuals production 
than the normal aggregative extrapola- 
tions.” The latter not only treat gaseous, 
liquid, and solid wastes separately, but do 
not take account of input-output relations 
and the fact that the materials account for 
the region must balance. 

We think that in the next few years it 
will be possible to make improved regional 
projections of residuals along the lines 
sketched above. Undoubtedly, there will 
also be further progress in empirically 
estimating external costs associated with 
residuals discharge and in estimating con- 
trol costs via various alternative measures. 
On the basis of this kind of information, 
a control policy can be devised. However, 
this approach will still be partial. Interre- 
lations between the regional and national 
economy must be treated simplistically 
and to be manageable, the analysis must 
confine itself to a specific projected bill 
of goods. 

The basic practical question which re- 
mains to be answered is whether an iter- 
ated series of partial equilibrium treat- 
ments—e.g., focusing on one industry or 
region at a time, ceteris paribus—would 
converge toward the general equilibrium 

2 Some efforts to implement these concepts are al- 
ready underway. Walter Isard and his associates have 
prepared an input-output table for Philadelphia which 
includes coefficients representing waterborne wastes 
(unpublished). The recent study of waste management 
in the New York Metropolitan region by the Regional 
Plan Association took a relatively broad view of the 
waste residuals problem [31]. Relevant data on several 
industries are being gathered. Richard Frankel’s not 
yet published study of thermal power in which the 
range of technical options for controlling residuals, and 
their costs, is being explored is notable in this regard. 
His and other salient studies are described in Ayres 
and Kneese [2]. 


solution, or not. We know of no theoretical 
test of convergence which would be applic- 
able in this case but, in the absence of such 
a criterion, would be willing to admit the 
possible relevance of an empirical sensi- 
tivity test more or less along the following 
lines: take a major residuals-producing 
industry (such as electric power) and para- 
metrize its cost structure in terms of emis- 
sion control levels, allowing all technically 
feasible permutations of factor (fuel) in- 
puts and processes. It would be a straight- 
forward, but complicated, operations re- 
search problem to determine the minimum 


_cost solution as a function of the assumed 


(negative) price of the residuals produced. 
If possible industry patterns—factor and 
process combinations—exist which would 
permit a high level of emission control at 
only a small increase in power production 
cost, then it might be possible to conclude 
that for a significant range of (negative) 
residuals prices the effect on power prices 
—and therefore on the rest of the economy 
—would not be great. Such a conclusion 


_ would support the convergence hypothesis. 


If, on the other hand, electric power prices 
are very sensitive to residuals prices, then 
one would at least have to undertake a 
deeper study of consumer preference func- 
tions to try to determine what residuals 
prices would actually be if a market mech- 
anism existed. If people prove to have a 
strong antipathy to soot and sulfur diox- 
ide, for instance, resulting in a high (nega- 
tive) price for these unwanted inputs, then 
one would be forced to suspect that the 
partial equilibrium approach is probably 
not convergent to the general equilibrium 
solution and that much more elaborate 
forms of analysis will be required. 


REFERENCES 
1. R. U. Ayres, “Stability of Biosystems in 
Sea Water,” Tech. Rept. No. 142, Hud- 


son Laboratories, Columbia University, 
New York 1967. 








2. 


10. 


11. 


12. 


13. 


14. 
15. 


. J. H. Bow, 


. R. H. CoAsSE, 


AYRES AND KNEESE: EXTERNALITIES 





AND A, V. Knresz, “Environ- 
mental Pollution,’ in U.S. Congress, 
Joint Economic Committee, Federal 
Programs for the Development of Human 
Resources, Vol. 2, Washington 1968. 

W. J. Baumo., Welfare Economics and 
the Theory of the State. Cambridge 1967. 


. K. E. Bourpine, “The Economics of the 


Coming Spaceship Earth,” in H. Jarrett, 
ed., Environmental Quality in a Growing 
Economy, Baltimore 1966, pp. 3-14. 
“Collective Facilities in 
Water Quality Management,” Appendix 
to Kneese and Bower [17]. 

J. W. BUCHANAN AND Wm. C. STUBBLE- 
BINE, “Externality,” Economica, Nov. 
1962, 29, 371-84. 

AND G. Tvurrock, “Public and 
Private Interaction under Reciprocal 
Externality,” in J. Margolis, ed., The 
Public Economy of Urban Communities, 
Baltimore 1965, pp. 52-73. 





. G. CASSEL, The Theory of Social Econ- 


omy. New York 1932. 

“The Problem of Social 
Cost,” Jour. Law and Econ., Oct. 1960, 
3, 1-44. 

L. Corer, “Can the World be Saved?” 
Paper presented at the 134th Meeting of 
the American Association for the Ad- 
vancement of Science, December 27, 
1967. 

R. K. Davis, The Range of Choice in 
Water Management. Baltimore 1968. 

O. A. Davis anp A. Warnston, “Ex- 
ternalities, Welfare, and the Theory of 
Games,” Jour. Pol. Econ., June 1962, 
70, 241-62. 

R. DORFMAN, P. SAMUELSON AND R. M. 
SoLow, Linear Programming and Eco- 
nomic Analysis. New York 1958. 

I. FisnER, Nature of Capital and Income. 
New York 1906. 

A. C. HARBERGER, “Monopoly and Re- 
sources Allocation,’ Am. Econ. Rev., 
Proc., May 1954, 44, 77-87. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 
29. 


30. 


31. 


297 


. K. W. Kapp, The Social Costs of Private 


Enlerprise. Cambridge 1950, 


. A. V. KNEESE AnD B. T. Bower, 


Managing Water Quality: Economics, 
Technology, Institutions. Baltimore 1968. 


. E. H. Kuytcat, Risk, Uncertainty, and 


Profit. Boston and New York 1921. 


. H. LEBENSTEIN, “Allocative Efficiency 


vs. .‘X-Efficiency,’” Am. Econ. Rev., 
June 1966, 56, 392-415. 


. W. P. Lowry, “The Climate of Cities,” 


Sci. Am., Aug. 1967, 217, 15-23. 


. E. J. Mismar, “Reflections on Recent 


Developments in the Concept of Exter- 
nal Effects,” Canadian Jour. Econ. Pol, 
Sct., Feb. 1965, 31, 1-34. 

A. C. Picov, Economics of Welfare. Lon- 
don 1952. 

K. SCHLESINGER, “Uber die Produk- 
tionsgleichungen der ökonomischen 
Wertlehre,” Ergebnisse eines mathemati- 
schen Kolloguiums, No. 6. Vienna, F. 
Denticke, 1933. 

D. SCHWARTZMAN, “The Burden of 
Monopoly,” Jour. Pol. Econ., Dec. 1960, 
68, 627-30. 

T. Scrrovsxy, “Two Concepts of Ex- 
ternal Economies,” Jour. Pol. Econ., 
Apr. 1954, 62, 143-51. 

F. Sura, The Economic Theory of In- 
dustrial Waste Production and Disposal, 
draft of a doctoral dissertation, North- 
western Univ. 1967. 

R. Turvey, “On Divergencies between 
Social Cost and Private Cost,” Economica, 
Nov. 1962, 30, 309-13. 

L. Warras, Elements d’economie politi- 
que pure, Jaffé translation. London 1954. 
H. Wo.ozin, ed., The Economics of Air 
Pollution. New York 1966. 
CONSERVATION FOUNDATION, Implica- 
tions of Rising Carbon Dioxide Content 
of the Atmosphere. New York 1963. 
REGIONAL PLAN AssocraTion, Waste 
Management, a Report of the Second 
Regional Plan. New York 1968. 


Employment and Wages in 
Rural Egypt 


By Bent Hansen* 


Egypt often appears as a classical ex- 
ample of overpopulation and surplus labor 
in development literature. Government 
planning has been based on the assumption 
that agriculture and surplus labor amounts 
to about 25 percent of the labor force. Yet, 
among those who have studied rural em- 
ployment conditions in Egypt more con- 
cretely, doubts have been expressed for a 
long time about the realism of such as- 
sumptions, and some evidence has been 
presented against the hypothesis of surplus 
labor and zero marginal productivity of 
labor in agriculture. Labor requirement 
estimates by Mona El Tomy and Hansen 
[3] indicated that underemployment in 
agriculture is mainly a seasonal phenom- 
enon, and production function studies by 
M. M. El Imam [4] and Hanaa Kheir El 
Dine [6] showed that rural wages were in 
line with marginal value productivity of 
labor. Both of these pieces of evidence 
were challenged by D. Mead [8]. Con- 
sidering the shaky nature of both labor 
requirement and production function esti- 
mates, Hansen [1 and 2] tried to throw 
indirect light on the issue by showing that 
factor prices, wages, and rents have be- 
haved in accordance with marginal produc- 
tivity theory rather than with subsistence 
theory. An important contribution was 
finally made by A. Moheieddin [9] who, 
followed by R. Mabro [7], on the basis of 
less aggregated data, tried to reconcile the 
idea of surplus labor with the competitive 
behavior of wages. 

In 1963, the International Labor Orga- 

* The author is professor of economics at the Uni- 
versity of California, Berkeley. He wishes to thank Mr. 


Seung Chu! Ahn for assistance with statistical calcula- 
tions and preparation of diagrams. 
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nization (I.L.0.), and the Institute of 
National Planning, Cairo, (J.N.P.), de- 
cided to undertake a joint, large-scale, 
rural employment survey. Its main pur- 
pose was to collect detailed and complete 
labor records from a sample of households 
during a full year. The survey took place 
from March 1964 to February 1965, with 
a supplementary interview survey made 
during a week in January of 1965. The 
results are now available in a series of 
mimeographed reports [5, IX]. These re- 
ports are not easily accessible, it would 
seem, and the presentation is not always 
comprehensible. However, the survey 
clears up most of the problems relating to 
employment in Egyptian agriculture and 
settles the issue of surplus labor rather 
definitely against the surplus labor hy- 
pothesis. By international standards it is 
rather unique. This article presents the 
main results and discusses their implica- 
tions with respect to surplus labor. 


The Rural Employment Survey! 


After some pilot studies, it was decided 
to work with a sample of four hundred 
eighty households selected from forty- 


1 The survey was guided by a steering committee of 
experts on the various aspects of rural employment. It 
was administered and supervised by Dr. Mukhtar 
Hamza. The design of the survey was mainly the work: 
of Dr. Salib Rofael and the I.L.O. expert, Dr. Ulrich 
Planck. They also took care of data processing and 
tabulation and were advised at all stages by a number 
of expert subcommittees. The reports were written by 
the various subcommittees, and a summary report was 
compiled by the 7.N.P. Here we shall concentrate on 
Report C, Utilisation of Rural Manpower [5, IV] and 
the two accompanying volumes of statistical tables [5, 
V], together with Report D on Wages, Income, and Con- 
sumption [5, V1]. The present author was a member of 
the steering committee and the subcommittees on Re- 
ports C and D. 
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eight villages in six Govornerates (mudey- 
eral). The villages were selected in pairs 
from four districts (markazat) of each 
Govornerate: a big village and a neighbor- 
ing small village. Of the ten households 
selected from each village, two were non- 
agricultural. The eight agricultural house- 
holds were to be selected so as to represent 
eight strata with respect to household size 
and size of farm. Three working members 
became the line of demarcation between 
small and big households. Agricultural 
households were divided into four groups: 
landless, i.e. with less than one-half fed- 
dan,? and farms with one-half to two fed- 
dan, two to five feddan, and five feddan 
and more. It was decided to use rotating 
samples so that a household was only inter- 
viewed once per four days concerning the 
last two days’ labor; an eight-day period 
was chosen, therefore, as the basic unit 
period of tabulation. The interviewers 
were mainly village teachers whom the 
villagers might be supposed to trust and 
who had a good first-hand knowledge of 
the households and their situations. The 
questionnaires recorded all operations (out- 
side household work proper) lasting more 
than half an hour. Household work proper 
was not recorded. The exclusion of small 
jobs implies a downward bias in the work 
time recorded. Another downward bias 
(important in particular for women and 
children) is related to the fact that tem- 
porary workers have not always been in- 
cluded. 

All persons covered by the survey were 
classified as men (adult males fifteen years 
and above), women (adult females fifteen 
years and above), and children (males and 
females, six to fifteen). All persons six 
years and above were considered working 
members of the household where they ap- 
peared unless they were obviously in- 
capable of doing work for reasons of health, 


? One feddan is slightly more than one acre. 


old age, etc., or had not been recorded at 
all as working outside the household 
proper. In the sample, 72 percent of all 
males and 45 percent of all females 
were recorded as “working” [5, V, I, p. 25, 
Table 9D]. For males, the participation 
ratio of the sample is somewhat higher 
than that of the population census of 1960; 
for females it is much higher. 

Although great efforts were exerted to 
obtain a representative sample, the results 
cannot be inflated to national totals. All 
averages presented in the following are, 
therefore, simple sample means, but for 
the six (out of a total of eighteen) Govorn- 
erates chosen, the sample is presumably 
representative. In retrospect, it would also 
seem that the choice of survey year, from 
March 1, 1964, to February 28, 1965, was 
not the. best possible. Around March 1 
the slack winter season ends and the very 
busy spring season begins. Even a slight 
dislocation of the seasons might thus influ- 
ence the annual totals. Fortunately, the 
seasons are very regular in Egyptian 
agriculture, and for these two years there 
was no obvious disruption of the seasonal 
patterns. 

The period of the study was charac- 
terized by inflationary conditions in the 
country. Excess demand prevailed and the 
official cost of living index increased by 15 
percent during this period. This should 
presumably tend to imply good employ- 
ment opportunities. Government expendi- 
tures expanded strongly and both defense 
and public works (such as the High Dam 
at Aswan) must have absorbed manpower 
from rural districts. It is difficult to gauge 
how much this has contributed to an in- 
crease in rural employment and the ab- 
sorption of rural labor. The figures for 
working hours per person, and per year, 
could, perhaps, be adjusted downward by 
some 2-3 percent in order to allow for the 
effects of the inflation. In any case, this 
circumstance should be borne in mind. 
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TABLE Í—AVERAGE ANNUAL WORKING Hours ACCORDING To SEX-AGE Groups, Tyres oF HOUSEROLDS, 
AND TYPES oF WORK 














Percent of Annual Work Time Spent On: 











Number 
Type of Sex-age of hours 
household group worked Field 
annually work 
2,280 53 
869 19 
1,022 49 
1,642 48 
2,324 58 
31 
1,374 55 
1,716 53 
2,482 8 
697 14 
1,087 25 
1,738 11 





Source: [5, IV, p. 59] and [5, V, I, p. 29, Table 10A]. 


The Labor Records: Annual Data 


A striking and unexpected feature of the 
labor records is the large number of hours 
worked per year by all categories of rural 
labor. Table 1 shows the annual average 
number of working hours recorded for men, 
women, and children in three broad types 
of households, namely, farmers (that is, 
cultivators, whether owners: or tenants), 
farm laborers, and others, as well as the 
distribution of annual hours worked on 
various types of work. 

For men, the annual number of hours 
worked is, on average, close to what cor- 
responds to a normal eight-hour day, 
namely 2,280 to 2,482 hours per year. 
Men from other households, i.e. service 
workers such as barbers and shopkeepers, 
seem to work longer hours than both 
farmers and farm-laborers. It is difficult to 
say to what extent recorded work for these 
men really represents work proper; idle 
hours in the shop waiting for customers 
have been recorded as work. For this 





Process- 
ing farm 
products 





3 
4 
2 
3 


wlaw 





group, therefore, the figures for hours 
worked should be taken with a grain of 
salt. Women seem to work one-third of an 
eight-hour day, and children about half 
that time. Women and children belonging 
to farm laborer households work longer 
than women and children in the other 
categories. 

In the earlier attempts to estimate labor 
requirements [3 and 9], the authors agreed 
that the requirements for plant production 
or field work correspond only to about 60 
percent of full-time work (three hundred 
days). Table 1 points to almost full em- 
ployment for men. The distribution in 
Table 1 of hours worked by type of work 
solves this problem. For men in farm 
households, field work occupied only 53 
percent of the total work time. Of the time 
spent on agricultural work, 41 percent 
went to animal husbandry, processing of . 
agricultural products, and other agricul- 
tural work. Therefore, the findings here 
seem to be consistent with the earlier labor 
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TABLE 2—AcricuLruraL HOUSEHOLDS: Hours WORKED ANNUALLY, TOTALLY AND OuTsipg OWN FARM, BY SIZE 





oF FARM, AND FAMILY, AND AGE-SEX GROUPS 


Women 








Strata Men 
Number of Hours Percent 
: working of which 
Size of Farm family worked outside 
members PEE year own farm 
ł to 2 feddan | 3 and less 2,384 18 
2 to 5feddan | 3 and less 2,420 4 
>S5feddan | 3 and less 2,062 3 
4to2feddan | more than 3 2,190 33 
2to5feddan | more than 3 2,230 14 
>5feddan | more than 3 2,358 5 
landlese* 3 and lesa 2,444 69 
landless more than 3 2,208 73 


s With less than $ feddan or no land at all. 








Source: [5, V, I, Table 10A, p. 29, and II, Tables LRU, No. 40 to 60]. The percentages for work outside own farm 
are calculated on family members with at least 30 days recorded work. 


requirement estimates. These earlier esti- 
mates went wrong because it was not 
understood what a modest part field work 
is of total agricultural work. For women 
and children, the comparison is more diffi- 
cult, although the Rural Employment 
Survey and the earlier labor requirement 
estimates seem to be fully consistent. 

Another remarkable feature of Table 1 
is that men in farm households work about 
10 percent in nonagricultural work, that 
is, as hired labor outside agriculture, This 
shows that a substantial amount of work 
must have been done outside the farmer’s 
own enterprise. We shall look at this 
point in somewhat more detail in Table 2, 
because it contains crucial evidence against 
the notion of zero marginal productivity of 
labor in Egyptian agriculture. 

The number of working hours for men 
is of the same order of magnitude in all 
the agricultural strata. On farms it varies 
between 2,062 (but see below) and 2,420 
hours per year. There is no clear depen- 
dency upon farm size or family size. Nor 
is there any a priori reason to expect any 
particular relationship between hours 
worked per year and farm and family size. 
On a larger farm there may be more work 
to do, but, on the other hand, income is 


higher and the owner can afford to rely on 
hired labor to a larger extent. With a 
larger family, the need for income is 
higher, but so is the number of children 
who can work. It should be expected that 
women work less outside the household 
when the income is higher and the family 
is larger. There is, perhaps, such a ten- 
dency in the table, but it is by no means 
clear. For children, similar remarks apply, 
although the picture is disturbed by the 
very high figure for hours worked by chil- 
dren in big families with big farms? 
Concerning the time worked outside 
the own farm, the picture is very clear. 
The members of the smallest farms work a 
substantial part of their time outside the 


‘own farm. For men the percentages are 


18 and 33, respectively, in small and big 
families. For children the percentages are 
of the same order of magnitude. For 
women they are much smaller, 4 and 9 


3 I have not been able to find the definite explanation 
of this high figure. Hours per year, per person, are cal- 
culated by dividing the tabulated total hours worked 
by number of individuals. However, the number of 
children in this group is remarkably low as compared 
with the number of men. I suspect, therefore, a clasi- 
fication mistake, where some children may have been 
classified as men. Indeed, the number of houra worked 
for men in this group is remarkably low. 
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TABLE 3—Worx BY NONFAMILY MEMBERS as Percent or TOTAL LABOR INPUT on Farms, BY Farm Size, 
_ FAMILY SIZE, AND Sex-Acz Groups 






Strata 


Number of 
Size of Farm ae 

á members 
3 and less 

3 and less 

3 and less 
more than 3 
more than 3 
more than 3 


$ to 2 feddan 
2 to 5 feddan 
25 feddan 
$ to 2 feddan 
2 to 5 feddan 
> 5 feddan 


Source: [5, V, I, Tables LR II Nos. 40 to 60]. 


percent, respectively; this could be ex- 
pected on the basis of the attitudes toward 
women’s work. Small farmers’ households 
thus rely heavily on income from outside: 
Farmers, by and large, are fully occupied, 
taking into account the work outside their 
own farms. Moreover, the work outside 
shows a seasonal pattern similar to that 
of the farms’ labor input [5, IV, p. 119, 
‘Graph 10]. It seems clear, therefore, that 
farmers have a real choice between taking 
paid labor outside the farm or working on 
the farm. Under these circumstances, there 
is little reason to believe that the value of 
the marginal product of labor, even on the 
smallest farms, would be smaller than cur- 
rent rural wages.‘ 

Work outside the own farm declines 
rapidly with increasing size of farm, as ex- 
pected. Yet the households on smaller 
farms (two to five feddan), especially those 
farmers with large families, do substantial 
amounts of work outside their own farm. 
For the landless farm laborer households, 
the majority of work is, of course, done 
outside the own farm. However, this 


‘Two major forms of unpaid labor outside the 
own farm existe mosharka, where the peasants share 
work, and ¢ samala, where an exchange of labor takes 
place. Neither form is so important, however, that it 
can upset the argument of the text [5, V, I, p. 68]. For 
agricultural households, paid labor amounted to 96 
percent of all labor outside own farms [5, V, I, p. 69]. 
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group may have up to one-half feddan, 
and we still find a considerable amount of 
work done on their own farm. The argu- 
ment about the marginal product of labor 
obviously applies to this group too. 

For all men in farm households, 14.2 
percent of the work done was outside 
their own farm. Moreover Table 1 shows 
10 percent of the work was nonagricul- 
tural, so that about two-thirds of the work 
outside the own farm is nonagricultural, 
including canal work for the government. 

So far we have dealt exclusively with 
the labor performed by various types of 
households, that is, the output of labor 
by households, while nothing has been 
said about the input of labor on farms of 
various sizes. In order to arrive at the 
input for a certain farm, we have to deduct 
the household members’ work outside the 
farm and add nonhousehold members’ 
work (permanent or temporary) on the 
farm. Table 3 illuminates to what extent 
farms of different sizes depend on labor 
from nonfamily members. The distinction 
in. this table between permanent and 
temporary workers is based on the number 
of work days which has been recorded for 
an individual at a given farm. If more than 
thirty days have been recorded, the worker 
is considered permanent; otherwise he is 
temporary. Unfortunately, no breakdown 
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of the temporary workers into family 
members and nonfamily members is avail- 
able. The second column for men, women, 
and children includes, therefore, some 
work by family members. Now, it is clear 
‘that the probability that a man belonging 
to the family should be recorded for less 
than thirty days’ work during a year is 
‘very small, indeed. For men, the second 
column must, by and large, consist of 
nonfamily labor. For women, the same 
will probably tend to be true. But for chil- 
dren, the chance is larger that the family’s 
own children may have been recorded for 
less than thirty days work and thus ap- 
pear as temporary. However, also for 
children, nonfamily members must domi- 
nate among the temporary workers. From 
the table it is seen that the percentage of 


child work performed by temporary work- 


ers is much larger for small families than 
for big families. If the family’s own chil- 
dren dominated the temporary child work, 
the picture should be the opposite. 

As one could expect, the use of hired 
labor is smaller on farms with big families 
than on farms with small-families. Down 
to two feddan, farms rely heavily on hired 
labor and even from the very smallest 
farms of one-half to two feddan, there is a 
certain demand for hired labor. This has a 
bearing upon the findings of Moheieddin 
[9], namely, a tendency for larger farms 
(above ten feddan) to be concentrated in 
certain regions. Moheieddin [9] and 
Mabro [7] argue that for this reason 
household members from the small farms 
would not get in contact with labor de- 
mand where it actually exists. Labor de- 
mand seems to exist everywhere, even if 
‘there are no farms above ten feddan. 

The percentage of total labor input per- 
formed by nonfamily members seems to 
be particularly high for children’s work, 
and very high, indeed, for farms with 
small families. Women and children are 


hired mainly for cotton picking, weeding, . 


TABLE 4—AVERAGE ANNUAL Work Tove PE 
WORKING PERSON BY REGIONS AND SEX-AGE 
Grovrs (hours per year) 


Govornerate ‘Men ' Women Children 

Deta 
Beheira 2,579 1,134 1,616 
Gharbiya 2,042 884 - 889 
Menufiya 2,531 1,391 1,462 

Upper Egypt - . ae 
Assiout 2,141 562 698 
Quenna 2,244 755 1,180 
Fayoum 2,330 ` 459 1,064 





Source: [5, IV, p. 90]. 


and similar work, and to judge from the 
seasonal data, a typical pattern of small- 
farm behavior is to hire women and chil- 
dren for this kind of work at the same time 
as the men of.the farm take hired labor 
outside the farm. The reason for this is 
obvious: a man can usually earn more out- 
side the farm than he has to pay women 
and children for work which they can do 
as well or better than he can. 

Finally, a distribution by regions is of 


interest because Upper Egypt should, a 


priori, be expected to offer fewer employ- 
ment opportunities than the Delta. Sub- 
stantial areas in Upper Egypt were still 
basin irrigated in 1964-65, with only 
one crop per year. Table 4 shows the aver- 
age annual hours of work by Govornerates 


-and sex-ageé groups. 


The table confirms Mead’s result [8] | 
that employment is at a lower level in 
Upper Egypt than in the Delta. He argued 
that at least in Upper Egypt there was 
heavy underemployment. But the lower 
employment in Upper Egypt is concen- 


‘trated mainly among women and children, 


Taking simple averages of the Governerate 
averages for the two areas, the annual 


number. of working hours for men in the 


Delta is slightly below 2,400 hours, while 
for Upper Egypt the corresponding figure 
is slightly below 2,250 hours. The differ- 
ence is only about 6 percent. Women, 
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however, work much less in Upper Egypt 
than in. the Delta, slightly below 500 
hours as against almost 1,150 hours. For 
children the difference is also substantial, 
slightly below 1,000 hours as against al- 
most 1,325 hours. Thus, it would seem 
that woman and child labor serves as a 
buffer, with the men working about full 
time and the women and children doing 
what has to be done beyond that. The low 
figures for women in Upper Egypt may 
also be related to the much more conserva- 
tive attitudes and traditions in that area 
with respect to women’s activities,’ al- 
though it is difficult to say here what is 
cause and effect. Attitudes and traditions 
have a wonderful ability to adjust them- 
selves to the necessities of life.. Similar 
attitude differences do-not exist for child 
labor. We should also point to the. much 
hotter climate of Upper Egypt which may 
necessitate shorter working hours than in 
the Delta. 


The Labor Records: Seasonal Fluctuations — 


The seasonal employment pattern re- 
vealed by. the labor records confirms, by 
and large, the earlier labor requirement 
estimates insofar as there seem to be two 
clearly distinguishable seasonal peaks for 
agricultural households; one in May-June 
. and oné in September. The first peak is 


related to the wheat and maize harvest; 


the second to the cotton harvest. The slack 


season occurs from the middle of October: 


to the middle of February. The difference 
between seasonal peaks and troughs is 
much smaller, however, than that found 
in the labor requirement studies. The 
reason is that types of work not included 
in the labor requirement studies either 
have little seasonality (animal husbandry) 
or may be counterseasonal (canal work). 


5 These attitudes should probably show themselves 
also im lower participation ratios for women in Upper 
Egypt. It is not possible from the published data to see 
whether this really was the casa, 


For adult male farmers and family farm- 
hands the peak is around June 1, with 
slightly above fifty-seven hours work per 
eight-day period; while during the slack 
period, average work time for this category 
remains above forty hours (disregarding 
January which that year coincided with 
the fasting month, Ramadan, and where 
work time drops further to 36 hours). For 
farm laborers, the seasonal spread is . 
almost the same, from sixty-one hours per . 
eight-day period in mid-September to 

around forty-four hours (thirty-seven dur- 


ing the Ramadan). The seasonality of 


craftsmen labor is quite similar to that of 
farmers and farmhands, while salespeople 
have quite a different seasonal pattern 
with work time increasing from May to 
September-October and thereafter falling 
sharply. This may be related to the pat-. 


_ tern of cash earnings in agriculture, but 


may also simply reflect the fact that during 
the hot seasons, sales take place, to a larger 
extent, during the cooler nights. For men, 
women, and children, the seasonal employ- 
ment pattern appears in Figures 1, 2, and 
3. Hours worked by women and children . - 


-have somewhat stronger seasonal fluctua- 


tions than men. Finally, there does not 
seem to be any systematic difference be- 
tween the seasonal fluctuations in the 
Delta and Upper Egypt: Everywhere men 
have long working hours during the busy 
seasons and are, at least during these 
seasons, fully employed. - 


Unemployment 


In the theoretical sense of people willing 
to work at going market wages, supply of 
labor could not be measured directly. 
Hypothetical questions of this type do 
not make sense to illiterate villagers. The 
true supply of labor is not measured by 
the labor record of working persons nor by 
actual employment. An attempt to mea- 
sure involuntary unemployment directly 
was carried out in the larger interview sur- 
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vey. This survey was undertaken in Jan- about 8-9 percent of the “labor force” at 
uary and thus should tend to show the the seasonal trough.® Since this particular 
maximum seasonal unemployment. To 


‘ : * This result is a little higher than the l ent 
judge from this survey [5, IV, pp. 157-61], prcenkaies edin a districts by he leros for 


unemployment proper seems to have been surveys of the Ministry of Labor. 
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FIGURE 2. EMPLOYMENT BY Ercut-Day PERIODS AND DALY WAGES— WOMEN. 
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FIGURE 3, EMPLOYMENT By Ercut-Day PERIODS AND Datty WAGES—CHILDREN. 


survey did not consider part-time employ- 
ment, unemployment may have been 
somewhat higher. 


Rural Wages’ 


Information about rural wages was col- 
lected together with the labor records. 
The laborers and the employers were not 
directly asked about wages received or 
paid. Rightly or wrongly, this was thought 
to be a delicate question which might call 
forth negative reactions. The village sheikh 
or oumda was asked weekly how much was 
paid per day to men, women, and children 
for various kinds of work. The wage rec- 
ords were not complete. From some vil- 
lages, information is missing entirely. For 
other villages information is missing for 
the slack season where, during certain 
weeks, there may have been no wages to 
record. In such cases it is somewhat diff- 
cult to talk about an annual average. This 
problem appears mainly for women and 


™The material in this section is based on [5, VI], 
which the present author prepared. 


children whose hours have the strongest 
seasonality. Given these shortcomings, the 
wage statistics collected throw an interest- 
ing light on wage formation and behavior 
in rural areas. In particular they contra- 
dict the notion of subsistence or institu- 
tional wages. 

If rural wages were strongly influenced 
by a subsistence level which acted as a 
floor for actual market wages, we should 
expect the distribution of villages with 
respect to average wages to be truncated 
and squeezed up against the subsistence 
minimum, as illustrated in Figure 4. 

The distribution actually found looks 
fairly normal for men, women and children 
as shown in Table 5. The figures for all 
villages (with records) may be biased for 
women and children due to incomplete 
records (see below). The right-hand part 
of the table therefore shows the distribu- 
tion for the smaller number of villages 
with satisfactory records (fifty weeks and 
more); these figures, however, may be 
biased in another way since they contain 
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no villages from Upper Egypt, apart from 
Fayoum. The only sign of concentration 
at the lower end of the distributions are 
for men, where we find six villages at ten 
pilasters per day.® These six villages are all 
situated in Fayoum, a kind of oasis sep- 
arated from the Nile Valley by some ten 
miles of desert. Should this represent a 
subsistence level, the implication would 
be that the whole Nile Valley proper is 
substantially above the subsistence level, 
and that for the valley itself we have to 
look for other explanations of rural wages. 
It may be pointed out also that during the 


2 According to the official exchange rate, one piaster 
is equal to 2.25 U.S. cents. 
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Number of 
villages 


Subsistence level 


Froure 4 


slack season daily wages in Fayoum are 
considerably below the average of 10 
piasters. 

Table 5, in addition, gives information 
about the average daily wages by Govorn- 
erate and for all villages included in the 


TABLE 5—DISTRIBUTION OF VILLAGES BY Szx-AGE GROUPS AND 
Sze or Dary WAGES 
(annual averages) 













pek pd 
SN WOH NM RRO 


Total Number 





Number of Villages with Annual Average of Daily Wages 


Villages with Records for 
50 Weeks and Over 


rN as STN rR DH 




















of Villages 
Govornerate _ Piasters Per Day 
Beheira 18.5 0.0 18.3 
Gharbia 18.7 9.6 -18.8 
Menoufia 21.4 10.0 21.0 
Assiolit 17.6 9.8 17.6 
Kenna 20.4 9.0 19.8 
Fayoum 11.7 S.1 11.7 

Total Village 
Average 18.0 8.7 17.3 











Source: [5, VI, p. 7]. 
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TABLE 6—DISTRIBUTION OF VILLAGES ACCORDING 
TO WAGE DIFFERENTIALS FOR 
WOMEN AND CHILDREN 























Number of Villages 
Percent of illages Villages with 
Men’s Sere Sanat Records for 50 
Wages |- Weeks and Over 
Women | Children | Women | Children ` 

35-40 1 

40-45 8 3 
45-50 i 15 8 
50-55 2 7 2 
55-60 11 6 3 3 
60-65 6 6 3 1 
65-70 7 2 4 

70-75 3 

75-80 5 2 

80-85 2 1 1 

85-90 1 

Total 
Number 
of Villages} 38 46 13 17 


Source: [5, VI, p. 13). 


sample. There are substantial differences 
between Govornerates, with Menoufia 
(near Cairo) at the top, and Fayoum at the 
bottom. The average for all villages is 18.0 
piasters for men, and an institutionalist 
might point out that this is exactly the 
statutory minimum wage for male rural 
workers. However, the distribution in the 
upper and lower parts of the table shows 
that this is a lucky statistical coincidence. 
Historically, the development has been 
that the statutory minimum of 18 piasters 
for men was introduced in 1952 as part of 
the Land Reform of that year, followed by 
a government decision to make no attempt 
to enforce the minimum wage in rural 
areas.® Average daily wages stayed at 
about 12 piasters until the beginning of 
the sixties. Thanks to increased produc- 
tivity in agriculture and inflation, rural 


° The minimum wages have, in principle, been applied 
by the government itself in rural areas. But it is difficult 
to say how this has worked in practice when contractors 
have been in charge of the works. 


wages have moved rapidly upwards since 
then. In 1964-65 their average passed 
the level of the statutory minimum, and 
today the average is probably somewhat 
higher. 

The average wage for women is about 
two-thirds, and for children half of that 
paid men. These wage differentials were 
already observed in the thirties (and even 
before World War I) and seem to have 
been fairly constant over a long period. 
They have sometimes been interpreted as 
an institutional law for wage differentials. 
Once more we are confronted with decep- 
tive statistical averages, however. Table 
6 shows the distribution of villages accord- 
ing to differentials between annual aver- 
ages of daily wages. The wage differentials 
vary widely between villages. For women 
the wages vary between 45-50 and 85-90: 
percent of men’s wages, and for children 
the variation is greater. Even if we move to 
the figures of the right-hand half of the 
table, the variation remains large. It 
should be added that the variations of the 
differentials are also sizable within Govor- 
nerates. The proportions of two-thirds 
and one-half for women’s and children’s 
wages thus seem to be statistical averages 
without any deeper meaning. 

Table 7 shows that stable, institutional, 
wage differentials do not exist even within 
the individual villages. It shows the distri- 
bution of all weeks with wage records, ac- 
cording to wage differentials, for women 
and children, for three selected typical 
villages with large, medium, and small 
variations in the differentials within the 
year. In Kilishan, women’s and children’s 
wages are equal to men’s at the peak de- 
mand for woman and child labor (the 
cotton harvest), but drop to 30-39 and 
20-29 percent of men’s wages in the slack 
season. Even the village with the most 
stable differentials, El Nigila, has ap- 
preciable variation during the year. There 
is no doubt that the variation of the differ- 
entials is related to the seasonal fluctua- 
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TABLE 7—DisTe ution oF WEEKLY RECORDS ACCORDING TO WAGE DIFFERENTIALS 
FOR WOMEN AND CHILDREN IN THRER SELECTED VILLAGES 
































Number of Weekly Records 
Percent of 
Men’s Kilishan El Haddad El Nigila 
Wages 
Women | Children | Women | Children | Women | Children 
20- 29.9 2 
30- 39.9 4 9 
40- 49.9 11 9 29 
50- 59.9 15 20 13 
60% 69.9 6 6 38 10 
70- 79.9 7 12 
80- 89.9 3 2 
90- 99.9 2 
100-109.9 5 5 
Total Number 
of Weekly 
Records 351 53 52 52 
Average 
Percent 58 49 67 48 

















Source: [5, VI, p. 14]. 


tions of the demand for various types of 
labor. 

In Figures 1, 2, and 3 we bring together 
wage and employment series for men, 
women, and children. This comparison 
reveals a close association between sea- 
sonal employment and wage fluctuations. 
Some problems arose in constructing the 
series. They are explained in detail in [5, 
VI, pp. 21 ff.]. The employment series are 
derived from the total sample, while the 
wages are averages for villages with a suffi- 
cient number of weekly records. This com- 
parison creates a problem because wage 
records for women and children are mainly 
from the Delta and Fayoum. The employ- 
ment series are on an eight-day period 
basis; the wage series are on a weekly 
basis. Moreover, the wage series had to 


10 Laborers are usually hired on a daily basis and 
there does not appear to be any seasonal fluctuation in 
the length of a laborer’s daily working hours. Hourly 
wages, therefore, show the same seasonal pattern as 
daily wages. See [5, VI, p. 29 and Graph 5]. This point 
is of course crucial for the interpretation of the relations 
between daily wages and employment. 


be adjusted for a strong upward trend due 
to the inflation. The original employment 
series covered the period from March 1, 
1964 to February 28, 1965, whereas the 
wages series covered the period from June 
15, 1964 to June 28, 1965 (for men), Em- 
ployment series for the period from June 
22, 1964 to June 21, 1965 were constructed, 
therefore, by assuming that the figures for 
the period, March 1 to June 22, 1964 could 
be applied to- the same period of the follow- 
ing year. This presumes a high stability of 
the seasons and of employment conditions, 
and that there had been no change in the 
quality of the labor records during the 
year. We think that these conditions were 
roughly fulfilled, but the assumptions are 
difficult to test, partly because the em- 
ployment series cover exactly one year 
with no overlap. 

The level at the end of the year for 
women and children was essentially the 
same as at the beginning of the year. 
There was a. substantial difference for 
men, the work time being about six hours 
less for the last recorded eight-day period 
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than for the first. This implies that the 
average work time should have increased 
by six hours from an eight-day period in- 
cluding the last eight days of February to 
an eight-day period including the first 
eight days of March. A priori, this cannot 
be ruled out as entirely unlikely because at 
this time of the year there is a very strong 
increase in agricultural activities related 
to cotton sowing, and this is mainly men’s 
work. It is impossible to exclude the possi- 
bility of bias although it is difficult to see 
why there should be such a general bias for 
men, and not for women and children who 
are actually recorded for a slightly higher 
work time in the last than in the first 
period.4 

With these reservations, Figures 1, 2, 
and 3 point to a close association between 
the employment and the wage series for 
men, women, and children. If one identifies 
employment with demand for labor, and 
assumes that, from a seasonal point of 
view, wage and employment fluctuations 

are the result of a shifting demand curve 
` and a fixed supply curve, the graphs then 
clearly support the hypothesis of demand 
and supply determined wages. The sea- 
sonal fluctuations of the daily wages are 
very strong. The highest daily wage. is 
about 50 percent above the lowest for 
men; the corresponding figures are about 
100 and 175 percent, for women and chil- 
dren, respectively. 

The adjustments of the wage series 
of Figures 1, 2, and 3 for inflation were 
made by comparing wage averages for two 
corresponding two-week periods in mid- 
June in 1964 and 1965, and a linear infla- 
tionary increase during the year was then 


u A break-down on various crop rotation systems 
indicates that for sugar cane farms there is certainly a 
downward bias during the year. The year ends with only 
about half the average number of hours worked per 
feddan on these farms than at the beginning of the year. 
This cannot be accounted for by a seasonal increase 
around March. This strata is relatively unimportant, 
however, and mainly located at Quenna. 


assumed. Another method of adjusting 
for the inflationary increase is to regress 
wages on employment and time. Here we 
meet the obstacle that the wage series 
contained fifty-two observations of weekly 
averages, whereas the employment series 
contained forty-six observations of average 
hours worked per eight-day period. We 
preferred to interpolate on the employ- 
ment series (since this was the smoothest 
one) to obtain fifty-two observations for 
seven-day periods. The results were: 


Men Weim 5,630+0.219 H,+0.073 T, R= 0.88 


(0.023) (0.008) 


Women W= —1.269-++0.721 H,40.052 T, R=0,88 
(0.058) (0.007) 

Children W= 3.431+0.173 H,40.060 T, R=0.61 
(0,040) (0.013) 


where W denotes average daily wages, H 


average number of hours worked, and T 
(running from 0 to 52) is time. All coeffi- 
cients are highly significant, and the trend 
corresponds to an increase of money wages 
by about 30 percent during the year, 
which is about the same found by the 
simpler method underlying Figures 1, 2; 
and 3. The correlation coefficients for 
children are somewhat lower than for men 
and women. Examination of Figure 3 
shows a lag between employment and 
wages. This lag is most certainly related 
to difference of coverage of the wage and 
employment series mentioned above, the 
wage series for children covering the Delta 
and Fayoum only, whereas the employ- 
ment series also covers the rest of Upper 
Egypt. Children’s employment is closely 
related to the cotton crop, and all major 
operations related to cotton are done some 
weeks earlier in Upper Egypt than in the 
Delta. We should, for that reason, expect 
a lag of some few weeks between our wage 
and employment series for children. We 
found the highest. correlation coefficient 
in using a two-week lag: 
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Children W p= 0.781+-0.281 Hz2+0.085 T, R=0.74 
(0.040) (0.013) 


Presumably, the correlations would have 
been stronger if it had been possible to use 
wage and employment series relating to 
identical villages. The published data did 
not permit that. In any case, both figures 
and regressions seem to leave little doubt 
that the very substantial seasonal fluctua- 
tions in wages are governed by fluctuations 
in labor demand.# 


Conclusions 


In order to discuss rural employment in 
Egypt, and presumably in many other 


underdeveloped countries, a clear distinc- - 


tion has to be made between adult males, 
adult females, and children. The level of 
employment for these three categories and 
the functions they perform differ widely. 
Moreover, the social and developmental 
implications of men’s, women’s, and chil- 
dren’s work are radically different. 

The Rural Employment Survey of the 
I.L.O. and I.N.P., Cairo, shows, first that 
the level of employment in rural areas is 
much higher than had earlier been thought. 
By ignoring nonfield work and nonagricul- 
tural work, earlier labor requirement calcu- 
lations systematically and grossly under- 
estimated actual employment. 

Male adults seem, by and large, to be 
fully employed with long working hours 
during spring and summer, and with some 
underemployment from October to Feb- 
ruary. The seasonal variations appear to 
be much smaller than those shown by ear- 
lier labor requirement calculations. There 
does not seem to be any great difference 
in the level of employment for male adults 
in the various sample strata and regions. 


33 The reader will notice that the estimated relations 
are not the Phillips curve relationship. There is nothing 
to indicate that the rate of change of money wages 
should be determined by the level of employment. The 
simple correlation between rate of wage change and 
employment level is low and insignificant. 


The differences in the employment possi- 
bilities have consequences mainly for the 
employment of women and children. Small 
farmers are brought to a high level of 
employment by the substantial opportuni- 
ties for obtaining employment outside 
their own farm, on other farms, and out- 
side agriculture. _ 

Female adults seem, on the average, to 
work one-third of the time outside the 
household farm. Taking into. account 
household work in a rather mechanical and 
arbitrary way, it appears that female 
adults in rural areas are slightly under- 
employed. The differences between sample 
strata and regions are much larger than 
for male adults. Female work outside the 
household is particularly low in Upper 
Egypt (South of Cairo). This may be due 
to lack of employment but may well re- 
flect more conservative traditions. Female 
adults on small farms and in landless 
laborer families in the Delta more often 
than not are heavily overemployed (in- 
cluding household work), whereas on big- 
ger farms and in Upper Egypt they seem 
to be able to live a more leisurely life. 

Children of both sexes between six and 
fifteen work, on the average, slightly more 
than women outside the households. The 
variations between strata and regions are 
somewhat smaller for children than wo- 
men; but Upper Egypt seems also to offer 
(or require) less employment for children 
than the Delta. 

` Wages generally appear to be highly 
flexible and react strongly and rapidly to 
changes in demand. There are large dif- 
ferences between villages and regions as 
well as between seasons, and for various 


‘types of work. Wage differentials reflect 


differences between demand and supply, 
and there is nothing to indicate that the 
wage level should be governed by a subsis- 
tence minimum, or by institutional factors. 

The Rural Employment Survey pictures 
an active labor market in which even very 
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small farms participate, both on the de- 
mand and the supply side. The farm house- 
hold members take paid work outside their 
own farm (on other farms or outside 
agriculture) and hire laborers for the farm, 
sometimes simultaneously. The two phe- 
nomena can be correlated to the size of the 
farm, the former negatively and the latter 
positively. This active, pervasive labor 
market, which seems to exist everywhere, 
is difficult to reconcile with the idea of 
surplus labor as a general phenomenon 
with zero productivity of labor. 
No information is available on the sup- 
ply of labor (in the sense of labor offered 
at the current wages), but with the em- 
ployment actually enjoyed by men it is 
inconceivable that men should want to 
work substantially more than they do at 


current wages during the busy half of the. 


year. Apart from seasonalities, the only 
feature of rural employment which points 
in the direction of some elasticity of supply 
of labor is the employment of women and 
- children which apparently adapts itself to 
employment opportunities. The fact that 
both women and children, particularly the 
former, do more outside work in the Delta 
than in Upper Egypt might be considered 
a proof of underemployment in Upper 
Egypt. There is a discernible tendency for 
woman and child wages to be relatively 
low in Upper Egypt, and this might suffice 
to establish an equilibrium at a lower level 
of employment. More likely, however, it is 
the conservative traditions of the South 
with respect to woman labor which is the 
decisive factor: it keeps the supply of 
woman labor down and thus prevents 
woman wages from being particularly low 
in spite of a relatively weak demand for 
such labor. We are involved here in the 

z All this may be history now. The increase in peren- 
nial irrigation in Upper Egypt which will become one 
of the major benefits from the High Dam at Aswan will 
also increase the demand for labor. Conditions of agri- 


cultural production are changing and should become, 
before the end of this decade, quite similar to those in 


tricky problem of woman and child supply 
of labor from family units where the men 
are already employed. Theory has little to 
tell us about this, and there have been few 
empirical studies of labor supply at very 
low income levels. But it is tempting to 
see here a (long term) mechanism similar 
to the well known (short term) adaptation 
of labor supply to labor demand in the 
United States and other developed coun- 
tries. 

We meet here an elasticity of labor 
supply very different from the unlimited 
supplies of labor which Lewis and others 
had in mind. The policy implications are 
radically different. Whatever the rela- 
tionship between supply proper and actual 
employment of women and children, there 
can be no doubt that when we turn to 
social norms and development possibili- 
ties, the women and children do not repre- 
sent a reserve of labor available for indus- 
trialization. Children between six and 
fifteen who are employed between one- 
third and one-half their time are certainly 
overemployed by any reasonable, modern, 
social standard. Thinking in terms of de- 
velopment programs, child labor is simply 
an obstacle which has to be abolished. A 
sensible development program must pre- 
sumably include efforts to have children 
attend school regularly, and this must 
imply a reduction of child labor in agricul- 
ture and elsewhere. In the sample of the 
Rural Employment Survey, children 
worked about 15 percent of the total num- 
ber of hours worked; women account for 
another 15 percent. If the child labor in 
Egyptian agriculture had to be done by 
the women, they would in all probabilities 
become heavily employed; whether this 
would also imply ‘“‘overemployment” in 
relation to “supply” or to social standards 





the Delta. It will be interesting to see if traditions will 
give way with respect to woman labor as they did in the 
Delta, when employment and income possibilities there 
increased many decades ago. 
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is more difficult to say. Some child labor is 
naturally compatible with good educa- 
tional programs (e.g., holidays), but satis- 
factory education for the village children 
would presumably, on balance and ceteris 
paribus, imply an increased demand for 
adult hired labor in agriculture. 
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The Interlocking Directorate 


By Peter C. Doorzy* 


Early in this century interlocking di- 
rectorates were publically attacked from 
many quarters. Louis Brandeis, one of the 
most outspoken critics and one of Presi- 
dent Wilson’s chief advisers on the trust 
problem, described interlocking director- 
ates with the following words: 


The practice of interlocking direc- 
torates is the root of many evils. It 
offends laws human and divine. Applied 
to rival corporations, it tends to the 
suppression of competition and to vio- 
lation of the Sherman law. Applied to 
corporations which deal with each 
other, it tends to disloyalty and to vio- 
lation of the fundamental law that no 
man can serve two masters. In either 
event it leads to inefficiency; for it re- 
moves incentive and destroys soundness 
of judgement. It is undemocratic, for it 
rejects the platform: “A fair field and 
no favors,’—substituting the pull of 
privilege for the push of manhood [4, 


p. 51] 


The Clayton Act of 1914 prohibited inter- 
locking directorates among competing 
corporations, but it did not condemn the 
practice in general. 

In the 1930’s the National Resources 
Committee found that 225 of the 250 
largest U. S. corporations had at least one 
director who sat on the board of at least 
one other of the largest corporations. It 
further discovered that 106 of these cor- 
porations belonged to “... eight more or 
less clearly defined interest groups [24, p. 
161].” These findings have provoked re- 
peated studies and comment by the gov- 
ernment [21] [22] [23], by economists 
[7] [11], by sociologists [9] [13] and 


* The author is an assistant professor at the Univer- 
sity of Saskatchewan. He wishes to thank Anne Moore 
Dooley and Irene McClean who performed much of the 
clerical work in the study and an anonymous referee for 
his helpful suggestions, 
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others [5] [12]. Paul Sweezy, who helped 
prepare the National Resources Commit- 
tee study, has recently stated that the 
network of interlocking directorates has 
changed since the 1930’s and that the 
concept of the interest group is now obso- 
lete [1, pp. 17-20]. 

This paper investigates the nature 
of interlocking directorates and interest 
groups for 1965, compares the 1935 find- 
ings of the National Resources Committee 
with the current situation, and examines 
several reasons for the existence of inter- 
locking directorates. 


I. Interlocks: 1935 and 1965 


The National Resources Committee 
studied the 200 largest nonfinancial cor- 
porations and the 50 largest financial cor- 
porations ranked by assets.) This paper 
uses a similar group of corporations thirty 
years later. The list of corporations was 
taken from the Fortune Directory [15]. 
Of course, membership in the top 250 cor- 
porations changed substantially over this 
period. Only 140 of the largest corpora- 
tions in 1965 can readily be identified on 
the 1935 list, though the actual overlap- 
ping is greater than this due to mergers 
and reorganizations. The 200 largest non- 
financial corporations are here further sub- 
divided into 115 industrial, 10 merchandis- 
ing, 25 transportation, and 50 public 
utility corporations. The financial group 
includes 32 banks and 18 life insurance 
companies. The list of directors for these 
companies was obtained from Standard 
and Poor’s Register for 1965 [20]. 

1 Most studies have measured size by assets [2] [7] [8]. 

2 Moody’s Manuals [16] [17] [18] [19] and the House 
Antitrust Subcommittee’s Interlocks in Corporate 
Management [22] were used as cross checks when addi- 


tional information was needed to identify individual 
directors. 
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TABLE 1—DISTRIBUTION OF DIRECTORSHIPS 








SO OO ATA OH GO 


Total 





«U.S. National Resources Committee, The Structure 
of the American Economy. Washington 1939. P. 158. - 


The frequency of interlocks in 1935 
and 1965 is remarkably similar. In 1965 
a total of 4007 directorships were held by 
3165 men. While most of these directors 
sat on a single board, 562 sat on two or 
more boards. Five men held six director- 
ships each. In all, 1404 directorships were 
held by multiple directors. In 1935 there 
were somewhat fewer directors and direc- 
torships, though the distribution of mul- 
tiple directorships was slightly more con- 


| centrated than in 1965 (Table 1)*, 


More of the top 250 corporations were 
interlocked in 1965 than in 1935. In the 
earlier period 25 corporations did not 
interlock at all, while only 17 were not 
interlocked in the later period (Table 2). 
In 1965 these noninterlocked companies 
consisted of eleven industrials, four utili- 
ties, one merchandiser, and one life insur- 
ance company. 

The number of interlocks per corpora- 


tion was unevenly distributed. Three - 
; companies in 1965 had directors who held 


‘ 40 or more outside directorships, while 19 


additional companies interlocked 20 or 
more times with other corporations among 


§ The Gini index of concentration is .20 for 1935 and 
.18 for 1965, where .00 indicates perfect equality. 
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TABLE 2—INTERLOCKING DIRECTORATES AMONG THE 
250 Larcest U.S. Corporations IN 1935 anp 1965 






Industrial and 
merchandising 

Transportation 

Utilities 

All nonfinancial 

All financial 


Total 


a U.S. National Resources Committee, The Structure 
of the American Economy. Washington 1939. P. 159. 


the top 250. Financial companies inter- 
locked more frequently than did nonfinan- 
cial companies. In 1965 banks interlocked 
an average of 16.1 times compared to 9.9 
times for all 250 corporations (Table 3). 


Il. Why Do Interlocks Occur? 


The institution of the interlocking direc- 
torate has continued to exist since the 
early days of corporate capitalism, This 
is of some interest in itself, because it is 
doubtful that it would have survived with- 
out serving some material purpose. The 
critical question is what purpose (or pur- 
poses) does it serve. 

Like many social phenomena, the inter- 


. locking directorate is shaped by a multi- 


tude of tangible and intangible forces. Yet 
interlocks occur with sufficient order to 
permit an empirical analysis of some of the 
more obvious forces. In this study five 
different factors were found to be signifi- 
cant: (1) the size of the corporation, (2) 
the extent of management control, (3) 
the financial connections of the corpora- 
tion, (4) the relationship with competitors, 
and (5) the existence of local economic 
interests. 

Size: The largest corporations tend to 
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TABLE 3J—DISTRIBUTION OF INTERLOCKS By Kinp or Business, 1965 
4 S g 
Number of 5 a 4 
interlocks per 4 Ë 5 E 
corporation 3 i 2 : H : 4 
Laas] A 
E z Be. D Z a E & 
0 uo 1 0 4 16 0 1 1 17 
1-5 27 2 8 25 62 8 5 13 75 
6-10 30 3 6 14 53 4 4 8 61 
11-15 29 3 5 3 40 7 2 9 49 
16-20 13 0 4 2 19 5 2 7 26 
over 20 5 1 2 2 10 8 4 12 22 
Total companies 115 10 25- 50 200 32 18 50 250 
Average number of 
interlocks 9.1 9.7 10.6 6.2 8.6 16.1 13.6 15.2 9.9 





have the most interlocks (Table 4). This 
may occur because the directors of the 
largest corporations are the most knowl- 
edgeable, the most capable, and the most 
accomplished men available. Other cor- 
porations would naturally seek their ad- 
vice and would rather have them on their 
board than men of less ability. This may 
also occur, however, because of factors 
unrelated to managerial ability. The direc- 
tor of a giant corporation undoubtedly has 
more personal influence with other com- 
panies, with potential investors, and with 
the government than the common man. 
Having the director from a large corpora- 
tion on your board may also lead to 
profitable business with that corporation. 


Managemeni conirol: Management con- 
trolled companies, where management 
control is measured by the proportion of 
officers on the board of directors,’ tend to 
avoid interlocks with other corporations. 


‘Management control is a qualitative matter that 
can not be directly measured. A. A. Berle and G. C. 
Means [2] and R. J. Larner [8] measured management 
control by the percentage of stock held by a single 
interest. Using 1963 data, Larner classified a corpora- 
tion as being controlled by its management if no in- 
terest held 10 percent or more of its stock. By this 
criterion 169 of his 200 largest nonfinancial corporations 
were management controlled. There is, however, no 
significant relation between his 10 percent stockowner- 
ship criterion and the officer-director criterion. Both 
the Berle and Means and the Larner studies may 
simply indicate how little stock is required to control a 
large corporation rather than how many large corpora- 
tions are management controlled. 


TABLE 4—AVERAGE NuMBER OF INTERLOCES BY SIZE OF CORPORATION, 1965* 








Assets in billions of dollars 
less 0.5 1.0 1.5 2.0 3.0 4.0 5.0 
than to to to to to to and 
0.5 0.9 1.4 1.9 2.9 3.9 4.9 above 
Nonfinancial 6.0 7.5 7.6 9.2 13.6 14.6 16.0 17.3 
Financial — — 4.3 9.5 10.3 18.0 21.0 26.8 
Total 6.0 7.5 6.8 9.2 12.4 16.4 19.1 23.7 





a No financial corporations with assets under $1 billion are among the largest 50. 

Note: The simple correlation coefficients for number of interlocks in relation to-size 
are .316, 489, and .467 for nonfinancial, financial, and all 250 corporations, respectively. 
However, since the relationship does not appear to be linear, these coefficients tend to 


understate the degree of correlation. 
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TABLE 5—AVERAGE NuMBER OF INTERLOCKS-IN RELATION 
TO MANAGEMENT CONTROL, 1965 








Percentage of directors who are officers* 





Nonfinancial 
Financial 
Total 


30 40 50 60 70 
to to to to to to 
49 59 69 79 89 100 








a Officers are defined to exclude the chairman of the board. 
b No nonfinancial corporations had 90 percent or more of their board of directors made 


up of officers. 


° No financial corporations had 30 percent or more of their board of directors made up 


of officers. 


Note: The simple correlation coefficients for number of interlocks in relation to man- 
agement control are —.195, —.291, and —.292 for nonfinancial, financial, and all 250 
corporations, respectively. For the 115 manufacturing corporations alone the coefficient 
is —.422. However, the relationship does not appear to be linear. 


The frequency of interlocks with other 
corporations declines as the proportion of 
active company officers (president, vice 
president, treasurer, etc.) on the board of 
directors increases (Table 5).58 


5 These data are reported in Standard and Poor's 
Register [20}. 

ê Size (as measured by assets) and management con- 
tral (as measured by the percentage of directors who are 
officers) are virtually independent. The simple correla- 
tion coefficients for the industry subgroups are the 
following; manufacturing and merchandising, .090; 


Financial interlocks: For nonfinancial 
corporations roughly one third of all 
interlocks are with financial institutions. 
For financial corporations the proportion 
is somewhat less (Table 6). These financial 
interlocks occur for several reasons. 

First, companies that are in financial 
difficulty, particularly those occasionally 
threatened with insolvency, tend to form 
a close association with one or more finan- 
cial houses. By electing a banker to the 
board of directors, a company may expect 


TABLE 6—INTERLOCKING DIRECTORATES AMONG THE 250 LARGEST 
U.S. Corporations, 1965 








transportation, —.032; utilities, —.110; and all finan- 
cial, .002, 
Number of 
interlocks 
Industrial 1049 
Merchandising 97 
Transportation 265 
Utilities 309 
Total nonfinancial 1720 
Banks 514 
Life insurance 246 
Total financial 760 
All 250 corporations 2480 





Tnterlocks Interlocks 
with Tnterlocka within the same 
financial ee commercial 
institutions  “™P® center 
378 133 500 
32 0 51 
90 25 63 
116 2 148 
616 160 762 
82 82 283 
55 55 117 
137 137 400 
753 297 1162 





a For financial institutions interlocks with other financial institutions and with com- 


petitors are identical. 
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to have more ready access to bank funds, 
while the banker can watch over the opera- 
tion of the company and reduce the risk of 
lending to a distressed borrower. 

Second, banks apparently find it advan- 
tageous to become associated with large 
companies by electing company officers to 
the bank’s board of directors. This may 
attract large deposits as well as secure a 
reliable customer for bank loans. 

A multiple regression analysis of the 
relationship between the financial position 
of the 200 nonfinancial corporations and 
the number of interlocks with financial 
corporations indicates that the incidence 
of interlocks between the two increases as 
the nonfinancial corporation becomes less 
solvent and as the assets of the nonfinan- 
cial corporation become larger.” Thus, 


1 Two separate regression equations were calculated: 
one for all 200 nonfinancial corporations and one for the 
50 utilities. Solvency was measured by the acid 
test ratio—quick assets (cash, marketable securities 
plus receivables) divided by current liabilities. This 
measure was chosen in preference to the current ratio, 
because.the inventory element of current assets is often 
a cause of insolvency. 

The original equation for all 200 corporations in- 
cluded 10 dummy variables to isolate, so far as possible, 
differences in the acid test which arise from differences 
in the kind of business. The 10 industries singled out 
were airlines, railroads, gas pipelines, electric power, 
telephone, merchandising, electrical equipment, chemi- 
cals, petroleum, and durable goods manufacturing, not 
elsewhere classified (n.e.c.). All other kinds of business 
were lumped together. Only the gas pipeline, electric 
power, petroleum, and durable goods manufacturing 
industries had significant coefficients at any point ina 
step-wise regression. The fitted equation is the follow- 
ing: 
Iy=3.11—.486R+.0004464 — 1.66G— 1.33E 

(.398) (.000071)  (.86) (.54) 
—1.96P + .755M 
(.61) (471) 
Ri=,.251 F=9.21, significant at the .000005 level 
where V = 200, 
Where: 

Ip—number of financial interlocks 

R—acid test ratio 

A—assets in billions of dollars 

G—gas pipelines 

E—electric power 

P—petroleum 

A{—durable goods manufacturing, nec. 


many corporations are partially dependent 
on financial houses for credit and in turn, 
financial institutions depend on the larger 
corporations for a substantial portion of 
their business. 

While the modern corporation typically 
finances a large proportion of its new in- 
vestment out of internally generated 
funds, the volume of outside financing is 
still large. For all 200 nonfinancial cor- 
porations, total liabilities were 62.0 per- 
cent of equity. This percentage ranged 
from 102.0 for the 50 utilities to 50.8 
for the 115 industrials. The importance of 
outside funds is further illustrated by the 
fact that on December 31, 1965, the total 
liabilities of the nonfinancial business 
sector in the Flow of Funds Accounts was 
$461.9 billion. Of this $276.1 billion was in 
the form of corporate bonds, mortgages, 
bank loans, and other loans, most of which 
was held by banks and life insurance com- 
panies. In turn, the business sector held 
$20.3 billion on deposit in commercial 
banks [14, pp. 734-35]. 

Third, these financial interlocks also 
arise from the trust operations of banks 
[23]. The trust departments of the major 
banks are often the principal stockholders 
of the largest corporations, because they 
gather together with wealth of many in- 
dividuals. Consequently, they gain repre- 





While both the acid test and asset coefficients are of 
the expected sign, only the asset coefficient is signifi- 
cant at the 5 percent level. The lack of significance of 
the acid test coefficient can partly be explained by 
the fact that the sample included corporations conduct- 
ing vastly different kinds of businesses and requiring 
vastly different acid teat ratios. In order to eliminate 
this diversity and illustrate the importance of the acid 
test, a second regression was calculated for the 50 
utilities—the largest group of corporations engaged in a 
similar kind of business, The fitted equation is the follow 


ing: 
Ip =2,74—1.80R-+-.000564.4 
(.95) (.000100) 
Rim 448 F=19.1, significant at the .00001 level 
where N =50. 
Both coefficients are significant at the 5 percent level 
using a one-tailed ¢ test. 
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sentation on the board of directors of other 
corporations. 

Competition: Nearly one in every eight 
interlocks involves companies which are 
competitors (Table 6).8 The proportion is 
highest among life insurance companies; 
banks, and manufacturers; and lowest 
among merchandisers and utilities. While 
illegal under the Clayton Act, the law has 
not been effectively enforced,’ so that the 


£ The FTC compiled a list for the House Antitrust 
Subcommittee of industrial corporations which had 
interlocking directors and which did business in the 
same five digit SIC classification [22]. While this is not 
conclusive evidence that they are competitors—they 
could do business in separate localities, for example—it 
is a first approximation. Moody’s Manuals were used to 
determine whether merchandising, transportation, and 
utility companies were competitors, Merchandising 
firms were considered to be in competition if they sold 
the same line of goods in one common city. None of 
those that interlocked were competitors. Transporta- 
tion firms were considered to be competitors if they 
served two terminal points in common. By law utilities 
can not compete. However, two interlocking gas pipe- 
lines were found that shipped from one common region 
to another. All banks and life insurance companies were 
assumed to be competitors, because they deal exten- 
sively in federal obligations and because most of them 
deal in related state, local, and corporate loans and 
securities. It would not be surprising, for example, to 
find a single large manufacturer with a line of credit at 
most of the 32 banks in the survey. Thus, in the case of 
financial institutions an interlock with a financtal in- 
terest can not be distinguished from an interlock with a 
competitor. 

? In 1965 the Antitrust Subcommittee of the House 
Judiciary Committee concluded after a lengthy study 
of interlocks among competitors that 


In operation, the body of Federal legislation has 
not effectively prevented interlocks in corporate 
managements in the fields it covers, Enforcement 
of the Clayton Act’s prohibitions against inter- 
locking directorates was neither prompt nor vigor- 
otis 


From its enactment on October 15, 1914, to 
January 1965, the FTC had filed a total of 13 
complaints under section 8 of the Clayton Act. 
Only one of these complaints resulted in a cease-and- 
desist order, and this was by consent; the remainder 
were dismissed when the directors involved dis- 
continued the prohibited relationship. 

The Department of Justice did not undertake 
a systematic program with respect to interlocking 
directorates until after World War II, and the first 
cases to be litigated to a decision by a court were 
not filed until February 27, 1952, 38 years after the 
enactment of the Clayton Act. As of January 1965, 


institution of interlocking directorates con- 
tinues to provide a vehicle for restricting 
competition. Perhaps it is not often used. 
Perhaps it can easily be abandoned when 
antitrust spokesmen raise their voice. 
Nonetheless the framework exists today as 
it existed earlier in the century. 

Local interest groups: The most preva- 
lent type of interlock involves companies 
which have their head offices in the same 
commercial center (Table 6).!° Indeed, 
almost half of the largest 250 corporations 
belong to one of 15 clearly identifiable 
local interest groups each of which is held 
together by a network of interlocking 
directorates. In other words, the interest 
groups reported by the National Re- 
sources Committee in 1935 still exist to- 
day, but in a modified form. Of the eight 
major greups identified by the Com- 
mittee, five were associated with names 
of well known financial and industrial 
families (Morgan-First National, Rocke- 
feller, Kuhn-Loeb, Mellon, and duPont). 
The remaining three groups could only be 
identified by their location (Chicago, 
Cleveland, and Boston) [24, pp. 160- 
163]. Today all have a local identity. Only 
one, the Mellon-Pittsburgh group, is 
clearly dominated by a single family, 


- though the Rockefeller family occupies a 


position of primary importance in the New 
York group. 

The 15 interest groups were identified 
by the number of times their members 
were interlocked together. They include 
corporations with head offices outside of 
the group city. Seven groups were classed 
as tight-knit because the corporations in 
those groups interlocked four or more 
times, while eight groups were classed as 





- the Department of Justice had instituted a total 
of 10 cases to enforce section 8, and 5 cases to en- 
force section 10 [22, pp. 226-227]. 


10 A commercial center was defined to include a 
metropolitan area and its immediate environs so that 
suburban head offices would not he left out. 
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TABLE 7-—Inrerest GROUPINGS 





Tight-knit groups * Number of Corporations 
New York 38 
Chicago 14 
San Francisco 13 
Pittsburgh ' 
Los Angeles 
Cleveland 
Detroit 
Loose-knit groups» 
Hartford 
Philadelphia 
Milwaukee 
Portland, Ore. 
Minneapolis-St. Paul 
Boston 
Dallas 
Houston 
Unallocated? 


e GTC 00 


N 
Sl unnan uao 


Total 


pa 


*Interlocked four or more times, except for New 
York where all corporations were interlocked six or 
more times, 

> Interlocked two or three times, 

e Interlocked four or more times with two groups and 
not allocated to either group. The three are Pan Amer- 
ican World Airways, the Pennsylvania Railroad, and 
Union Oil. 


loose-knit because they interlocked only 
two or three times. New York is actually 
in a class by itself. So many corporations 
interlocked with the New York group that 
it was necessary to raise the cut-off point 
for membership in the group to six or more 
interlocks (Table 7). 

Nearly all the groups share certain com- 
mon characteristics. Banks or life insur- 
ance companies form the central core of 
the group and have the greatest number of 
interlocks with other members of the 
group. Local public utilities form a second 
ring about the central core and have the 
second greatest number of interlocks. 
Finally, an outer ring is made up of manu- 
facturing, merchandising, and transporta- 
tion companies that do a substantial por- 
tion of their business in the region of the 
group city. 

The New York group is, in part, an 
exception to this general pattern. It con- 
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tains the major New York banks, life in- 
surance companies, and utilities, but it also 
contains a large number of companies 
whose business is clearly nationwide. 

In 1935, the National Resources Com- 
mittee designated two major New York 
City groups, the Morgan-First National 
and the Rockefeller. Today it is not pos- 
sible to separate these groups. For that 
matter, it has not been easy to distinguish 
between them since the turn of the century, 
as John Moody observed in 1904: 


It should not be supposed, however, 
that these two great groups of capita- 
lists and financiers are in any real sense 
rivals or competitors for power, or that 
such a thing as a “war” exists between 
them. For, as a matter of fact, they are 
not only friendly, but they are allied to 
each other by many close ties, and it 
would probably require only a little 
stretch of the imagination to describe 
them as a single great Morgan-Rocke- 
feller group [10, pp. 492-93]. 


The Chicago group and the Pittsburgh 
group contain many of the companies they 
did in 1935. The Chicago group is made 
up of 14 corporations that have been prom- 


u The New York group centers around six large 
banks—{the number in the parentheses indicates the 
number of times the corporation interlocks with others 
in the same group] Chase Manhattan (22), First Na- 
tional City (14), Chemical Bank (18), Manufacturers 
Hanover Trust (20), Bankers Trust (10), and Morgan 
Guaranty Trust (11); four life insurance companies— 
Metropolitan (19), Equitable Life Assurance (23), 
New York Life (15), and Mutual of New York (15); 
and several long established industrials and utilities— 
A.T.&T. (13), Consolidated Edison (15), U. S. Steel 
(11), General Electric (12), Union Carbide (12), 
General Foods (13), International Paper (11), Phelps 
Dodge (11), Corn Products (10), Chrysler (15), Ameri- 
can Smelting and Refining (11), U. S. Rubber (10), 
Ford Motor (10), and National Distillers and Chemical 
(10). Each of these 24 corporations interlock 10 or more 
times with other corporations in the group. The follow- 
ing corporations complete the group: National Dairy 
Products (8), Allied Chemical (6), IBM (9), B. F. 
Goodrich (7), Irving Trust (7), American Electric 
Power (6), Southern Railway (9), Union Pacific (9), 
Panhandle Eastern Pipe Lines (©), Socony Mobil Oi 
(6), Western Electric (7), F. W. Woolworth (0), Borg- 
Warner (7), and Texaco (9). 
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inent in the economic history of the city," 
while the Pittsburgh group includes the. 
principal corporations that have long been 
associated with the Mellon name.” San 
Francisco did not appear as a group in the 
1935 study, however, today it is third in 
size. Like Chicago, the San Francisco 
group is dominated by local banks and 
utilities and by other important regional 
corporations.“ The remaining groups fol- 
low the same general pattern. 


1 The Chicago group includes three major banks— 
Continental Dlinois (17), First National Bank of 
Chicago (13), Harris Trust (9); two utilities—Com- 
monwealth Edison (11) and Peoples Gas Light and 
Coke (5); two meat packers—Swift (14) and Armour 
(6); two mail-order/department store chains—Sears, 
Roebuck (10) and Montgomery Ward (6); plus Inter- 
national Harvester (21), Standard Oil of Indiana (6), 
Pure Oil (4), Inland Steel (10), and the Ilinois Central 
(11). 

u The Pittsburgh group contains: Mellon National 
Bank (21), Gulf Oil (13), Alcoa (8), Westinghouse 
Electric (7), Consolidation Coal (5), Jones and Laugh- 
lin (9), and Pittsburgh Plate Glass (5), The group also 
includes General Motors (6). 

M The San Francisco group is made up of the follow- 
ing: Bank of America (5), Wells-Fargo (7), Crocker- 
Citizens (7), Bank of California (8), Pacific Gas and 
Electric (11), Pacific Lighting (4), Kaiser Aluminum 
and Chemical (7), Kaiser Industries (4), Safeway Stores 
(5), FMC (6), Southern Pacific (10), Tennessee Gas 
Transmission (7), and Caterpillar Tractor (7). 

1s The remaining groups are the following: Los 
Angeles, United California Bank (10), Security First 
National (4), Southern California Edison (12), North 
American Aviation (7), Lockheed Aircraft (5), and 
American Metal Climax (4); Cleveland, Cleveland 
Trust (6), Cleveland Electric Diuminating (6), Republic 


Steel (4), Baltimore and Ohio (6), Chesapeake and . 


Ohio (4); Detroit, National Bank of Detroit (4), De- 
troit Bank and Trust (4), Detroit Edison (4), and Na- 
tional Steel (5); Hartford, Travelers (4), Aetna (3), 
Connecticut General (2), Connecticut Mutual (2), 
Southern New England Telephone (8), and United 
Aircraft (9); Philadelphia, First Pennsylvania Banking 
and Trust (4), Philadelphia National Bank (2), Penn 
Mutual (6), and Philadelphia Electric (3); Milwaukee, 
Northwestern Mutual (9), Wisconsin Electric Power 
(3), Allis-Chalmers (8), Kimberly-Clark (5), American 
Can (2), American Natural Gas (3), and Chicago, 
Milwaukee, St. Paul and Pacific (2); Portland, Oregon, 
U. S. National Bank of Oregon (4), Pacific Power and 
Light (2), Weyerhaeuser (3), and the Great Northern 
(3); Minneapolis-St. Paul, Northern States Power (2), 
Chicago, Burlington and Quincy (2), and the Northern 
Pacific (2); Boston, First National Bank of Boston (4), 
John Hancock Mutual (2), and New England Life (2); 
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The arbitrary rules used to establish 
these groups involves three serious prob- 
lems. First, 15 corporations qualified for 
membership in two groups, none qualified 
for membership in three. Such inter-group 
corporations were not allocated to any 
group unless there was a clear connection 
to a particular group in terms of location, 
ownership, or number of interlocks.’ 
Second, some corporations were included 
in groups with which they have little in 
common (location, products, ownership) 
and from which they may be independent 
in every respect except the coincidence of 
their common directors. General Motors, 
for example, is included in the Pittsburgh 
group simply because two directors sit on 
its board who are multiple directors in the 
Pittsburgh group. Third, many significant 
interlocks and interlocking groups were 
omitted by restricting the study to just 
the 250 largest corporations. W. L. War- 
ner, D. B. Unwalla, and J. H. Trimm have 
found in a sociological study of interlocks 
that 5776 directors of their 500 large rep- 
resentative corporations interlocked a 
total of 8872 corporations, ranging in size 
from less than a million dollars in net 
worth to over a billion dollars in assets 
[13, pp. 130-34]. 





Dallas, Republic National Bank of Dallas (2) and Texas 
Utilities (2); and Houston, El Paso Natural Gas (2) and 
Transcontinental Gas Pipe Lines (2). 

18 Thirteen of the 15 inter-group corporations were 
interlocked four or more times with the New York 
group. They were the following [the first number in 
parentheses indicates the number of New York inter- 
locks, the second number indicates the number of in- 
terlocks with the second group]: New York-Chicago, 
Chase Manhattan (22,4), New York Life (15,4), and 
First National Bank of Chicago (6,13); New York-San 
Francisco, Southern Pacific (10,10); New York-Pitts- 
burgh, Mellon National Bank (4,22), Westinghouse 
Electric (6,7), Consolidation Coal (7,5) and Pan Ameri- 
can World Airways (6,5); New York-Detroit, Chrysler 
(15,4); New York-Hartford, Chase Manhattan (22,4), 
First National City (14,4), Travelers (10,4), and United 
Aircraft (6,9). The remaining two inter-group corpora- 
tions were the following: San Francisco-Los Angeles, 
Union Oil (5,6); and Pittsburgh-Philadelphia, Pennsyl- 
vania Railroad (5,6). 
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While these three definitional problems 
affect the number, size and membership of 
groups, it is doubtful that they affect the 
nature of interlocking groups in general. 
The tight-knit groups in particular are 
intertwined too many times to be signifi- 
cantly rearranged by minor changes in 
definition. 


II. Conclusion 


The institution of the interlocking direc- 
torate is extensive and enduring. Most of 
the larger corporations have been inter- 
locked with other large corporations for 
many decades. This suggests that the 


structure of the American economy ‘is 


markedly different from what is commonly 
supposed. The widely accepted views of 
A. A. Berle and G. C. Means [2], R. A. 
Gordon [7], R. J. Larner [8], and J. K. 
Galbraith [6] that the modern corporation 
is an independent and self-sufficient organ 


ruled by its own self-perpetuating manage- ' 


ment needs to be modified on pe vera 
points. 

The extreme view holds that: “Major 
corporations in most instances do not seek 
capital. They form it themselves [3, p. 
40|.” This view contains an important 
element of truth, but it overlooks the fact 
that the total liabilities of nonfinancial 
business approach one-half trillion dollars, 
that about one-third of the assets of the 
200 largest nonfinancial corporations are 
financed on credit, and that these 200 
corporations interlock 616 times with the 
50 largest banks and life insurance com- 
panies alone. Stock and bond issues, 
mergers and acquisitions, and other ques- 
tions of high finance require expert counsel. 
Such questions are not the daily business 
of the salaried executives of nonfinancial 
corporations, the men who Gordon claims 
make “...the essential business deci- 
sions... [7, p. viii],” nor do the anony- 
meus men of Galbraith’s ‘“technostruc- 


’ have the opportunity to develop 
competence in handling such occasional 
and specialized questions. This does not 
mean that a small clique of bankers con- 
trols every detail of corporate activity. 
However, the presence of knowledgeable 
men of finance on the board of directors 
can not help but influence policies within. 
the sphere of their competence and re- 
sponsibility. 

The presence of outside local business 
leaders on the board of directors must also 
force management to consider the interests 
of the local community, both in terms of 
its economic growth and in terms of its 
social and political development. In addi- 
tion, the presence of competitors in the 
board room must direct the attention of 
the management to certain matters of 
common interest. 

Thus, while it is accepted that the mod- 
ern corporation is the central unit of pro- 
duction and capital accumulation today, 
its autonomy is a matter of degree. Its 
autonomy increases as management con- 
trol over the board of directors increases, 
for then management can isolate itself 
from other points of view. For the typical 
corporation this control is far from abso- 
lute. Within its own walls it faces the 
constraining influence of the financier, 
the local interest, and the competitor. 
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The Optimum Lifetime Distribution 
of Consumption Expenditures 


By Lester C. Tourow* 


The actual lifetime distribution of con- 
sumption expenditures may have little 
relation to the optimum lifetime distribu- 
tion. Individuals can easily redistribute 
consumption into the future by saving, 
but they cannot easily borrow for present 
consumption. The high risks associated 
with expected earnings make borrowing 
difficult. Without slavery there is no effec- 
tive way to.mortgage expected future 
earnings. Consequently the current flow 
of income rather than the total lifetime 
flow of income may dominate current con- 
sumption expenditures. The individual is 
unable to optimize his distribution of con- 
sumption expenditures. 

The importance of the institutional con- 
straints upon lifetime redistribution de- 
pends upon how much individuals wish to 
redistribute consumption expenditures 
away from their actual income stream. 
For the average person consumption and 
expenditures move closely together (see 
Figure 1), but this may not be by choice. 
Since there is no a priori method to de- 
termine the optimum distribution of con- 
sumption, this paper develops an empirical 
technique for estimating the optimum 
lifetime distribution of consumption ex- 
penditures. 


I. The Theory 


Given an expected lifetime budget con- 
straint, an individual maximizing utility 


* The author is an associate professor of economics 
and management at the Massachusetts Institute of 
Technology. The ideas for this paper were developed 
while working on a project at the NBER. The author 
would like to thank the anonymous referee for his excel- 
lent comments. The remaining errors are those of the 
author. 

1 All data in this paper come from the Bureau of 
Labor Statistics [3, pp. 23-29]. 


will arrange his lifetime consumption pat- 
tern in accordance with the well known 
Fisherian [1] conditions (see Equation 1).? 





MU, x 
(1) MUJ = (1 +91 — r) 
where: 
MU,‘= marginal utility of consumption 
in year 4 
MU ¿+= marginal utility of consumption 
in yearj 


rı=market rate of interest between 
years į andj l 

ra=individual rate of time prefer- 
ence between years ¢ and j 


The ratios of the marginal utilities of con- 
sumption in any two years must be equal 
to the individual’s personal discount dif- 
ferential, (1-+r;—1;)4*3 The personal dis- 
count differential is composed of two ele- 
ments, the market rate of interest (r1) and 
the individual’s subjective rate of time 
preference (r2). If the personal discount 
differential is one (rı—r:=0), the 
utility maximizer will arrange his con- 
sumption pattern to make the marginal 
utility of consumption equal in each year. 
Such procedures maximize expected life- 


2 Fisherian conditions assume that the individual is 
neutral with respect to risk and that he can estimate 
his expected lifetime income. 

3 In the standard expression of the Fisherian condi- 
tions, the subjective rate of time preference affects the 
marginal utility of income schedules rather than ap- 
pearing explicitly. Consequently the marginal utility 
of income schedule for any year depends on the year 
from which it is being viewed. This is not the case under 
the formulation in Equation (1). The marginal utility 
of income schedule in any year is invariant to the year 
from which it is being viewed. The influence of time 
preference appears explicitly. 
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FIGURE 1. AVERAOE MONEY Income Arter TAXES AND EXPENDITURES FOR CURRENT CONSUMPTION. 


time utility, but they do not necessarily 
lead to equal consumption in all periods. 
An individual may have a varying posi- 
tive or negative rate of time preference. 
- If he prefers to consume goods and ser- 
vices while young, his rate of time pref- 
erence is positive. Enjoyment may also 
fluctuate over a lifetime rather than being 
a smooth function of time, but the higher 
the rate of time preference and the lower 
the market rate of interest between any 
two years, the more consumption will 
occur in the earlier year. , 
Consumption will also be higher in those 
years where the marginal utility of con- 
sumption expenditures are higher. Needs 
differ over the course of a lifetime.* Con- 
sumption of medical services rises at par- 
ticular times of life; expenditures on chil- 
dren occur while an individual is raising 


1 A rising probability of death may reduce the utility 
‘of consumption while elderly, if the individual is a risk 
averter. g 


his family. Education expenditures may 
be high when yoùng and again when chil- 
dren are being educated. Other expendi- 
tures are lumpy. Durable goods purchases 
are large when setting up a household. If 
these goods are to be enjoyed, they must 
be purchased in a limited period of time. 

If individuals save only for future con- 
sumption,’ positive savings indicate that 
the individual wishes to transfer some of 
his income from present consumption to 
future consumption. Negative savings 
indicate that the individual’ wishes to 
transfer consumption from the future to 
the present. If a person is neither dissaving 
or saving, he has reached his desired con- 
sumption level given his personal discount 
differential and his consumption prefer- 
ences. : 

As mentioned there are institutional 
constraints on dissaving. They are not 


5 In this paper, future consumption is assumed to be 
the only motive for saving. T peb 
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absolute, however, Dissaving is severely 
limited but not prevented. Consequently 
empirical observations on dissaving cannot 
indicate how much the individual would 
like to dissave, but they do indicate that 
the individual is not at his desired con- 
sumption level. He wishes to consume 
more than his current income allows. In- 
dividuals will continue to dissave as their 
income rises until current income equals 
desired current consumption. Thus if it 
were possible to estimate the income at 
which an individual becomes a zero saver 
for each year of his life, it would be pos- 
sible to determine his optimum lifetime 
distribution of consumption. 

Individuals undoubtedly differ, but con- 
sumer expenditure and income surveys 
make it possible to determine the income 
at which the average person in a particular 
age group neither saves nor dissaves. 
Using these surveys it is possible to de- 
termine the average desired lifetime dis- 
tribution of consumption expenditures. 
The technique, however, has several limi- 
tations or problems. 

(1) Using cross section data, the actual 
average lifetime income does not equal 
the lifetime income calculated by summing 
the income levels at which savings are 
zero. If the lifetime distribution of income 
is independent of the absolute level of life- 
time income, the problem can be solved by 
scaling consumption expenditures at each 
age up or down by a constant fraction so 
that they sum to the actual average life- 
time income. With this assumption the 
marginal utility of consumption may still 
depend upon total consumption, but the 
ratios of consumption at different points in 
a lifetime are assumed to be independent of 
lifetime income. The proportion of total 
consumption spent in any one year is as- 
sumed to remain constant as total con- 
sumption varies. This may be untrue. A 


8 In every age group there is substantial amounts of 
dissaving at low income levels. 


higher lifetime income, for example, may 
lead to a more than proportionate increase 
in education expenditures (and total ex- 
penditures) while young. For lack of a 
better assumption, a constant scaling frac- 


- tion is used in the following empirical 


analysis. Some empirical evidence for this 
assumption is presented in footnote 14. 

(2) Using cross section data assumes 
that individuals in older age brackets are 
similar in all relevant aspects with those 
in younger age brackets. This is obviously 
not true. The average older individual has 
a lower lifetime income than the average 
young person. Ignoring this factor biases 
the results toward too much consumption 
in the early years of an individual’s life- 
time since it is assumed that the young will 
consume the same amounts when elderly 
as the current elderly. In all probability 
they will consume more since they have a 
higher lifetime income. There may be 
other systematic differences which affect 
consumption patterns. Education may 
differ, time preferences may differ, etc. 
These factors bias the results, but the 
direction of the bias cannot be determined 
theoretically. 

(3) If total dissaving as ‘well as the 
annual increments to dissaving are limited, 
savings may occur to repay previous debts 
even though the individual would like to 
continue dissaving. Thus a position of zero 
savings would not indicate a position of 
equilibrium. This would bias the results 
towards too little consumption while 
young. Empirically this possibility does 
not seem to be an acute problem. Individ- 
uals are increasing assets rather than re- 
ducing liabilities at the point where they 
become zero savers. 

(4) Individuals within the same age 
group are not homogeneous. Different 
individuals may have very different pat- 
terns of income. Laborers reach an income 
plateau much earlier than professional 
workers. Thus it may be possible to have 
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an income class composed of laborers with 
balanced budgets while higher income 
classes are dissaving because they are 
composed of professional workers. This 
would bias the results toward too little 
consumption while young. Empirically 
there are no age groups with double points 
of equilibrium or where savings decline as 
income increases, but there may be some 
biases in this direction. 

(5) The income class with zero saving in 
aggregate may be composed of individuals 
who are either large savers or dissavers. 
They simply cancel each other. The dis- 
saving of professional workers with higher 
lifetime incomes and more slowly rising 
incomes could exactly balance the saving 
of laborers with lower lifetime incomes and 
faster rising incomes. In this case the aver- 
age optimum lifetime distribution of con- 
sumption might not look like the optimum 
distribution of consumption for any actual 
person. It is simply a weighted average of 
two distinct curves where the weights 
depend not only on the numbers of indi- 
viduals but their relative incomes. If 
laboring income is higher relative to pro- 
fessional income while young, the results 
will be biased toward too little consump- 
tion while young and too much consump- 
tion while elderly.’ 

(6) The procedure assumes that the 
lifetime utility function has annual utility 
levels as its sole arguments. In addition 
the annual utilities are assumed to be inde- 
pendent and additive. Consumption in 
year one is assumed not to affect the 
utility of consumption in year two. If 
there are complementarities between con- 
sumption at different points in time, it is 
impossible to compare individuals at dif- 
ferent points of time unless they have the 
same history of previous and future con- 
sumption. 

7 An alternative, if the sample were larger, is to find 


the central tendency of all those families with balanced 
budgets. 


(7) Since goods need not be totally con- 
sumed in the year in which they are 
purchased, the procedure estimates the 
optimum distribution of consumption ex- 
penditures and not the optimum distribu- 
tion of consumption. 

(8) Given optimum consumption ex- 
penditures in any two years, it is not pos- 
sible to separate the effects of the personal 
discount differential and differences in the 
marginal utilities of income. There are 
many combinations of marginal utilities 
and personal discount differentials that 
are compatible with the estimated equilib- 
rium. 

Il. The Data 


The Bureau of Labor Statistics’ Survey 
of Consumer Expenditures and Income in 
1960-61 [3, pp. 23-29] provides the data 
base. Since there are errors in the BLS 
survey any systematic over- or under- 
reporting for different age groups of either 
income or consumption expenditures will 
bias the results. 

Two definitions of zero savings are used.® 
In the first, savings are zero when expendi- 


tures for current consumption equal money 


income after taxes. In the second, savings 
are zero when expenditures for current 
consumption plus gifts and contributions 
plus personal insurance payments equal 
money income after taxes. 

The second definition was used for two 
reasons. (1) Positive consumption benefits 
are derived from being able to provide gifts 
and contributions to family members, 
friends, and charities. Benefits may also 
vary over the lifetime of an individual. 
Consequently gifts might be considered 
consumption expenditures. (2) No allow- 
ance has yet been made for risk and un- 
certainty. If risk and uncertainty differ 


t Linear interpolation was used to find the precise 
point of equilibrium and free hand interpolation was 
used to interpolate optimum consumption curves be- 
tween the midpoints of income classes, 
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FIGURE 2. ACTUAL AND OPTIMAL DISTRIBUTIONS oF INCOME For URBAN FAMILIES, 


systematically by age, the marginal utili- 
ties of income might not be equal at the 
point where consumption equals income. 
At different ages the individual must be 
making provisions for different amounts of 
risk. Risk may lead to a need for liquid 
assets and the consequent depression of 
consumption expenditures. There is no a 
priori method to determine when risk is 
highest. Risks may be higher when old 
since the probability of death and sickness 
is higher, but they might equally well be 
higher when young since fewer assets have 
been’ accumulated and there are more de- 
pendents who would suffer for a longer 
period of time. 

To the extent that insurance premiums 
are not savings but are payments for pure 
insurance designed to eliminate the effects 
of risk and uncertainty, insurance prem- 
iums are consumption expenditures to 
reduce risk and uncertainty. If the insur- 
ance market is in equilibrium, including 


insurance premiums in consumption ex- 
penditures should correct for differences 
in risk at different ages.° 


UI. The Results 


Using the first definition of zero saving, . 
a desired distribution of consumption 
emerges which is quite different from the 
actual distribution of income (see optimum 
distribution #1, Figure 2).!° If the family 
head lives from age 19 to 80, the average 
family has a lifetime income of $342,246 
in 1960-61. The average family prefers to 
redistribute $30,242 into the years be- 


? If the proportions of observed insurance premiums 
that are pure insurance and the proportion that are 
savings vary over a lifetime, this will bias the results 
toward too much consumption in years with a greater 
than average amount of insurance savings. 

10 Since potential dissavings is small and all income 
is not actually consumed the optimum distributions of 
consumption will be compared with the actual distri- 
bution of income. The distribution of income is a good 
estimate of potential consumption possibilities, 





} 
{ 
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tween 19 and 35 and $1560 into the years 
between 75 and 80 by borrowing from the 
years between 35 and 75.” Instead of hav- 
ing its highest income years between 40 
and 55 years of age, the average family 
prefers to have its highest income years 
between 20 and 35 years of age. Possible 
reasons are not hard to find. During the 
20 to 35 age period, the family is faced 
with problems of raising a family and 
building up its stock of consumers dur- 
ables. Enjoyment of consumption goods 
may also be highest in these years. 

The second definition of zero savings 
provides a slightly different optimum 
consumption curve (see optimum distribu- 
tion #2). The average family prefers to 
redistribute $18,134 into the years be- 
tween 19 and 46, and $3484 into the years 
between 69 and 80. The total amount of 
redistribution falls from $31,802 under the 
first set of assumptions to $21,618 under 
the second. Less is desired in the early 
years; more is desired in the later years. 
Allowing for risks, uncertainty, and gifts 
leads to relatively less need for income 
between 19 and 35 and relatively more 
need between 35 and 46 and between 69 
and 75.4 


IV. The Conclusions 


Both sets of assumptions yield the same 
basic conclusions. Families desire a sub- 
stantial amount of lifetime income redis- 
tribution over and above that done in 
1960-61 and this redistribution is heavily 
weighted toward the younger years of a 
family’s life." The actual lifetime pattern 


u In terms of time preference, there is a positive rate 
of time preference between the ages 19-35 and the 
ages 35-75, and a negative rate of time preference be- 
tween the ages 35-75 and the ages 75-80. These rates 
of time preference, however, are not based on a zero rate 
of interest. They reflect the rates of interest actually 
existing in the economy in 1960-61. 

12 Since there is a substantial amount of insurance 
savings and since the proportion probably rises with 
age, these results are probably much closer together 
than the numbers would indicate. 

4 This conclusion might be modified if there were 
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of income is a severe constraint on the de- 
sired lifetime distribution of consumption 
expenditures. Based on the results of this 
analysis, lifetime welfare levels might be 
substantially increased if the constraints 
on lifetime income redistribution could be 
lifted. Consequently social planners should 
investigate methods of eliminating the 
institutional constraints. 

Perhaps proposals like the educational 
opportunity bank [2] ought to be ex- 
panded to permit loans for current con- 
sumption expenditures other than educa- 
tion.!®> Consumption loans could be secured 
through incurring a liability to pay a 
higher income tax rate until repayment is 
made. Only a governmental institution 
such as the educational opportunity bank 
can provide a method of securing expected 
future earnings as collateral and be large 
enough to eliminate the risks associated 
with the large variance in the income dis- 
tribution of any particular group. As a 
second best solution, the Social Security 


systematic differences in inherited wealth by age group. 
Greater wealth would lead to higher consumption. Al- 
though wealth is a possible source of bias, it should not 
be important, The survey contains no information on 
wealth, but it was supposedly drawn to avoid such 
problems. 

u4 The two definitions of zero saving make it possible 
to provide some information to substantiate the as- 
sumption that the ratios of consumption expenditures 
are independent of total lifetime consumption. With the 
first definition of consumption, a lifetime income of 
$254,946 is necessary to insure that money income after 
taxes equals expenditures for current consumption at 
each point in time. With the second definition of con- 
sumption an income of $423,621 is necessary. Since the 
actual average lifetime income in the survey was 
$342,246, annual consumption expenditures are scaled 
up under the first definition and down under the second. 
Since both definitions indicate that families desire 
substantial amounts of lifetime income redistribution 
and that this redistribution is heavily weighted toward 
the younger years, these qualitative results are invariant 
with respect to whether the results are scaled up or 
down. Thus the central conclusions only depend on the 
assumption that the distribution of consumption 
changes monotonically between income levels of 
$254,946 and $423,621. Within this constraint ratios 
may vary without altering the qualitative conclusions. 

For a detailed description of the educational op- 
portunity bank, see Schell [2]. 


An Axiomatic Model of Logrolling ~ 


By Rosert Witson* 


Logrolling, or the trading among legis- 
lators of their votes on the different bills 
before an assembly, has been cited in sev- 
eral recent studies as a redeeming feature 
of democratic processes for social choice; 
mainly because it allows expression of in- 
tensities of preferences by the legislators. 
For example, a legislator might offer to 
another to trade his vote on a certain 
bill in return for the other’s votes on a 
second and a third bill. The prominence of 
the logrolling hypothesis in political sci- 
ence seems to derive from the early expo- 
sition of Arthur Bentley [2], and more 
recently economic analyses have been 
provided by James Buchanan and Gordon 
Tullock [4], James Coleman [5] [6], 
Dennis Mueller [9], and R. E. Park [10]. 

However, in commenting on the argu- 
ments of Buchanan and Tullock, Kenneth 
Arrow [1, p. 109] has noted that the pos- 
sibility of logrolling in no way invalidates 
the conclusion of his General Possibility 
Theorem. Arrow’s characterization of log- 
rolling, nevertheless, depends upon .a pre- 
sumption which may or may not obtain 
in any specific instance. Arrow notes that 
if the bills before an assembly, or the legis- 
lators’ preferences for the bills, are mu- 
tually dependent then the voting process 
for the bills is equivalent to ballots be- 


* The author is a member of the faculty of the Gradu- 
ate School of Business, Stanford University. This study 
was prepared during the tenure of a Ford Foundation 
Faculty Research Fellowship and with the support of 
the Center for Operations Research and Econometrics 
at the Catholic University of Louvain, Belgium, where 


in an earlier version it appeared as a working paper, | 


“Arrow’s Possibility Theorem for Vote Trading,” which 
was presented at the Conference on the Mathematical 
Theory of Committees and Elections organized by the 
Institute for Advanced Studies, Vienna, June 26-28, 
1968. 
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tween alternative social states, and hence 
[1, p. 48], it is only the transitivity re- 
quirement of a social welfare function that 
is violated. l 

In this paper we want to consider the 
alternative case in which each voter’s 
preferences for the bills are independent, 
in order to investigate the possibility of a 
different characterization of logrolling in 
relation to the General Possibility Theorem. 
In fact, for a special case of an axiomatic 
model which is similar to Arrow’s, we 
shall find that logrolling violates Arrow’s 
Condition 3, the Independence of Irrele- 
vant Alternatives. This result is of some 
interest, in part because Arrow [1, p. 27] 
has remarked that the Independence of 
Irrelevant Alternatives “ . . . implies that 
in a generalized sense all methods of social 
choice are of the type of voting...,” 
and in part because this condition has 
most often been doubted by Arrow’s 
critics. We obtain an exact characteriza- 
tion of the way in which this condition is 
violated, and an example is provided. 

Our model also affords a feature not pre- 
viously : encountered in social choice 
theory; viz., the conditions imposed on the 
social choice imply more severe restric- 
tions on the individual voters’ preferences 
than were initially assumed. If this curios- 
ity were general it would raise new ques- 
tions about the conditions that can ac- 
ceptably be imposed on social choice pro- 
cesses. In the present case, this result de- 
rives from a theorem demonstrating that 
(in a special case) each voter’s allocation 
of his voting strength among the bills 
must constitute an additive utility repre- 
sentation of his preferences; i.e., his voting 
must be sincere. The proof depends upon 
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individualistic action and the assumed 
unimportance of the status quo. 


I. An Exchange Economy for Vote Trading 


The context of our study is an assembly 
in its simplest setting, devoid of the com- 
plications of parliamentary procedure, in- 
ternal committees, an upper house, a presi- 
dential veto, and the dynamics of new bills 
and amendments; hence, we shall call it a 
referendum. The referendum consists of a 
fixed collection of bills proposed for pas- 
sage, say # in number, comprising the set 
J={j|1<j<n}. Several citizens, com- 
prising the set Z= {i|1<i<mm}, are to vote 
on the bills, and each citizen is initially 
endowed with one vote on each bill. A bill 
will be passed if the number of affirmative 
votes it receives exceeds the number of 
negative votes, each citizen being free to 
declare whether a vote he controls on a 
bill is to be cast as affirmative, neutral, or 
negative. Moreover, to allow for the possi- 
bility of logrolling, or vote trading, we 
suppose that each citizen can transfer his 
control of a vote on a bill to another citi- 
zen as he chooses; however, no side pay- 
ments (for example, in money) are pos- 
sible or permitted. 

The process of vote trading in the situa- 
tion outlined above is essentially a barter 
economy in which the citizens’ initial 
endowments of votes on the various bills 
correspond to endowments of apples, 
oranges, pears, etc., in the usual paradigm 
leading to the familiar Edgeworth box 
diagram of exchange possibilities, In this 
case, the citizens’ preferences for votes of 
each kind derive from their preferences for 
the bills whose disposition they may 
affect. Among the many exchange possi- 
bilities on the Edgeworth contract curve 
that may be attained from the initial en- 
dowments, there is a subset of special 
interest that will provide the focus for the 
present analysis: these are the exchanges 
that may result from an exchange econ- 


omy, in which all trades are made at 
stable equilibrium prices or exchange 
ratios among votes on the various bills. 
In an exchange economy, no trades are 
made at discretionary prices other than 
the equilibrium prices. One might, for 
example, suppose that votes are freely 
transferable commodities (see Mueller [9]) 
and that prices or exchange ratios are 
advertised publicly, with trades being 
accomplished anonymously through brok- 
ers, much in the fashion of a stock market, 

Let I; denote the equilibrium price of a 
vote on the j-th bill, so that M/L; is the 
exchange ratio between votes on the j-th 
and k-th bills, and adopt the normaliza- 
tion >>,,0j;=1 without any loss of gen- 
erality. We can then suppose equivalently 
that the i-th citizen, since he is endowed 
with one vote on each bill, is endowed (in 
whatever unit of currency the equilibrium 
prices are measured) with a budget of 
Jusl D;=1 valued at the équilibrium 
prices, and that he can feasibly acquire 
any distribution of votes {V4,|V.>0, 
j=1,-++, n} for which the budget con- 
dition >°;.11,Vi;<1 is satisfied. In total, 
of course, there is the limit on the supply of 
votes on each bill, Jua V; <m, which in 
the market determines the equilibrium 
prices. 

In the following we shall actually em- 
ploy a more compact notational descrip- 
tion of the exchange economy for votes. 
Let e be +1, 0, or —1 accordingly as the 
i-th citizen declares his votes on the j-th 
bill to be cast as affirmative, neutral, or 
negative, and define dj=o;11;Vi; and the 
vector d'= (dj). The latter we shall call 
the citizen’s decision rule, or voting stra- 
tegy, for allocating his budget of voting 
power. In general, a decision rule will de- 
pend upon the citizen’s preferences for the 
bills as well as possibly the preferences of 
other citizens, and various other factors 
that may be envisioned: when only the 
former are of interest we shall use the 
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notation d‘(R!,---, R=) to express this 
dependence. 
Definition: A decision rule for the i-th 
citizen is an n-dimensional real vector 
d! such that Pyg| E| <1. 
Note that the interpretation above of the 
citizens’ decision rules is not confining: 
several citizens might form a coalition 
which would determine entirely or in part 
their decision rules. 


Parenthetical Remarks about the Formula- 
tion 

It should be observed, however, that in 
adopting a formulation in terms of the 
citizens’ decision rules we have made a 
subtle change in the game-theoretic struc- 
ture of the problem.’ In the exchange- 
economy game, each citizen decides on the 
number of votes he will acquire on each 
bill, subject to a budget constraint which 
depends on the equilibrium prices. In the 
decision-rule game (which is essentially a 
Blotto game), each citizen decides on the 
allocation of his fixed budget among the 
bills. The latter case is equivalent to one 
in which each citizen is endowed with a 
budget of fungible ballots which can be 
cast on any bill. The two games are equiva- 
lent in the present instance only because: 
(1) since all citizens are equally endowed 
with votes on all bills in the exchange- 
economy game, the valuation of their 
endowments at equilibrium prices yields 
the same budgets (viz., 1 for every citizen) 
for all (normalized) sets of equilibrium 
prices; and (2) the disposition of any 
bill 7 is determined by the condition 
Dosaoi;V4;>0 for passage which is exactly 
equivalent to the condition > url;oyV i 
>0, or Disdj>O in terms of decision 
rules, since the price H, occurs only as an 
irrelevant constant of proportionality. Of 
course, if the voters were endowed with 
diverse patterns of votes on the bills then 


1 [am indebted to Robert Aumann and Lloyd Shapley 
for this observation. 


the conclusion in (1) would not hold, and 
the formulation in terms of decision rules 
would not be an accurate model of an ex- 
change economy for vote trading, although 
(2) would remain valid. 

The exact meaning of the deciston-rule 
formulation depends, therefore, mainly 
on whether the citizens do or can infer 
information about the disposition of a bill 
or about other citizens’ preferences from 
knowledge of the equilibrium prices in the 
exchange-economy game. The solution to 
this question which is adopted implicitly 
in the present formulation is to suppose 
that the citizens in using the market to 
acquire votes take the prices as fixed data 
without determining the effects that their 
actions or other citizens’ actions may have 
on the relative magnitudes of the equilib- 
rium prices. That is, the citizens are 
modeled as price takers as is customarily 
done in the economic theory of general 
equilibrium.? Usually this approach must 
presume a large number of citizens. In 
Section IV a special case will be analyzed 
to determine exactly how the equilibrium 
prices depend upon the citizens’ prefer- 
ences. 


H. Conditions on the Social 
Choice Process 


Following Arrow’s classic treatise [1], 
we shall develop our general model of an 
exchange economy for vote trading axio- 
matically in terms of a set of conditions 
imposed on the citizens’ preferences, the 
social choice, and (unlike Arrow) the citi- 
zens’ decision rules. These conditions are 
intended to confine the model to satisfac- 


3? Alternatively, in terms of a Walrasian fafonnement, 
we are supposing a “recontracting” process in which 
each citizen offers a demand schedule for votes on the 
various bills as a function of the prices, and by analyz- 
ing these achedules a central authority determines a 
set of equilibrium prices equating supplies and de- 
mands, The decision-rule formulation then considers 
only the demand schedules associated with equilibrium 
sets of prices. 
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tory social choices by criteria accepted on 
prima facie grounds. In part they delimit 
the scope of reasonable or rational behav- 
ior by the citizens, and in part they con- 
strain the social choice produced from the 
citizens’ participation in the collective 
decision process. In each case they parallel 
Arrow’s development as closely as possible, 
in the narrower context of vote trading in 
majority-rule referenda. 


1. The Citizens’ Preferences 


In Arrow’s general formulation, the set 
of social states from which the social 
choice is selected is a primitive datum; 
here, it is compounded from the bills in the 
referendum. A social state is a set of bills 
passed and a complementary set failed, 
or just the former is a sufficient descrip- 
tion. That is, the set S of social states is 
the set of subsets of the set J of bills pro- 
posed, S={x|¢CaCJ}, where the null 
set ¢ is the status quo in which all of the 
bills are failed. Each citizen i is presumed 
to have a preference ordering R; among the 
social states which is complete and transi- 
tive. The notation «R,y means for xeS and 
yeS that the i-th citizen either strictly 
prefers x to y or is indifferent. The relation 
of strict preference is P;, and on SXS we 
define the set R'= {(x, y)|xRy} for each 
citizen to characterize his preferences. 


Further, as was indicated initially, we are ` 


interested in the special case in which the 
citizens see the bills as independent: this is 
conveyed by the third part of the following 
condition imposed on the citizens’ pref- 
erences. 
Condition 1: All possible preference 
orderings of the social states by the 
citizens are admissible for which for 
every citizen ¢ and all social states x, 
y, and z, 
(a) either xRvy or yR or both (Com- 
pleteness) ; 
(b) xRy and yR,z only if «Rw (Trans- 
itivity) ; 


(c) xRy if and only if (x+3)R:(y+ 2), 
where z is disjoint from both x 
and y (Independence). 


Except for (c) this is Arrow’s Condition 
1’ [1, p. 96]. Part (c) requires that a 
citizen’s preference for the passage of any 
set of bills does not depend upon the dis- 
position of any other bills.? For example, 
if a voter prefers bill 1 to pass, given that 
bill 2 will pass (or fail), then he will prefer 
1 to pass also given that 2 fails (or passes). 
This property defines independence of the 
bills in the present context. 

The scope of the admissible set of citi- 
zens’ preferences precludes dependence of 
the social choice process upon a more re- 
stricted or homogenous set, and forces it 
to cope with the possibility of diversity, 
the central problem of social choice. 


2. The Social Choice 


The restrictions on the social choice 
include, first, the requirement in the pres- 
ent model that it is to be selected by ma- 
jority-rule after vote trading in an ex- 
change economy. 


Condition 2: The social choice is the 
social state 26S for which +x 
= {jl Diiad)>0}, where d‘ is the i-th 
citizen’s decision rule. 


The inequality is the condition for passage 
that the affirmative votes exceed the nega- 
tive votes, here scaled by the equilibrium 
price. Second, it is required that the social 
choice be Pareto optimal, essentially a 
weak form of Arrow’s condition of the 
positive association of social and individual 
values. 


3 Condition 1 does not exclude the Condorcet para- 
dox, the case of cyclical majorities among social states 
which is fundamental to Arrow’s general construction, 
in contrast to the several proposals that have been ad- 
vanced ‘by Duncan Black [3], Kenneth Arrow [i], 
Amartya Sen [14], P. K. Pattanaik [11] and others to 
réplace Arrow’s Condition 1 by the Condition of 
Single-Peakedness (Arrow’s Condition 1’) or one of its 
generalizations. 
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Condition 3: If xRy for every citizen #, 
and zPyy for some citizen 1’, then the 
social choice x° is not y. 


Arrow’s Conditions 4 (Citizens’ Sover- 
eignty) and 5 (Nondictatorship) are es- 
sentially assured by our Condition 2 (Ma- 
jority Rule). His Conditions 2 (Positive 
Association of Social and Individual 
Values), 3 (Independence of Irrelevant 
Alternatives), and 4 were used to derive 
his Consequence 3 or Condition P (Pareto 
Optimality) in a slightly weaker form than 
our Condition 3 although our conditions 
do not imply his (especially Condition 3, 
[1, p. 97]). The desirability of a social 
choice process achieving Pareto optimality 
is universally appreciated. Nevertheless, 
one should not underestimate the force of 
requiring it in every instance. In game- 
theoretic terms, it enforces a cooperative 
solution and, therefore, excludes an enor- 
mous range of decision rules that in prac- 
tice a citizen would find to be of strategic 
value. For example, it excludes virtually 
all rules derived from probability judg- 
ments about others’ actions, such as hy- 
pothesized by Coleman [5]. 


3. The Citizens’ Decision Rules 

Among the three conditions so far im- 
posed, Conditions 1 and 3 are nearly 
direct analogues of Arrow’s Conditions 
1’ and P. Our Condition 2 (majority rule 
with vote trading), however, is essentially 
ambiguous in relation to Arrow’s construc- 
tion. Although it imposes a special form 
on the social choice process, it leaves the 
citizens’ decision rules unspecified to a 
large degree; indeed, I would guess that a 
great variety of decision rules are com- 
patible with Pareto optimality as required 
in Condition 3, At this point in our analy- 
sis, an extension of Arrow’s approach would 
impose further normative conditions on 
the social choice, corresponding to Arrow’s 
Conditions 2-5. An essentially different 
approach will be employed here, however. 


Several conditions will be imposed to 
circumscribe the set of admissible decision 
rules, in part to define rational behavior 
by the citizens, and in part to exclude any 
dependence of the social choice process 
upon idiosyncratic behavior by one or sev- 
eral of the citizens. In this way, we confine 
the axiomatic development to essentially 
descriptive statements about the citizens 
and the social choice process except for the 
normative content isolated in Condition 3 
(Pareto Optimality). However, as a referee 
of this paper has pointed out, to whatever 
extent the conditions on the citizens’ de- 
cision rules limit behavior they are poten- 
tially normative, in contrast to Arrow’s 
approach in which normative or rational- 
ity conditions are imposed only upon the 
social choice. 

The conditions to be imposed on the 
admissible decision rules are of two kinds: 
the first three ensure a sufficient diversity 
in the admissible set, and the fourth re- 
stricts the admissible set.‘ In the following, 
a citizen’s decision rule is regarded as a 
function of all the citizens’ preference 
orderings, say d‘(R',---, R”). 

Definition: The set of admissible decision 

rules is symmetric if for any two citizens 

i and7, di(---Rt.--+R*---) isan 

admissible decision rule for the #-th 

citizen only if d”( -< RY ©- R») 

=d( - -+ Ri- RY » - - ) is admissible 

for the 7'-th citizen. 


That is, a symmetric set is one in which 
two citizens might act the same in the 
same situation: a symmetric set merely 
allows that what is rational for one citizen 
may be rational for another.5 Symmetry 


4 Note that the first two hypothesize variations in the 
citizens’ preferences, as in Arrow’s Conditions 2-5, al- 
though we need to consider only permutations of entire 
preference orderings, whereas the fourth hypothesizes a 
variation in the set of social states, as in Arrow’s Con- 
dition 1, 

§ Another definition of symmetryrequires thata" (Re, 
wee, Ke) og (RI... , R”) is admissible, where 
a is a permutation of the citizens’ indices, 
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of the admissible set is a very weak condi- 
tion restricting idiosyncratic behavior by 
the citizens.® 


Definition: The set of admissible deci- 
sion rules is independent of the labeling 
of the bills if for every citizen å, 
di(R!, - - - , R™) is admissible only if for 
all j dan (@', Trta Qn) =d(R, - ° 
R”) is admissible, where a is a permuta- 
tion of the indices of the bills which 
takes R‘ into Q' for all id. 


To require that the admissible set be in- 
dependent is merely to allow that a citizen 
need not be deterred in his strategy by a 
change in the order of presentation of the 
bills. Independence is another very weak 
condition restricting idiosyncratic behav- 
ior by the citizens. 


Definition: The set of admissible deci- 
sion rules is neutral if for every bill 
j, d;=0 is admissible whenever citizen 
i is indifferent between social states {7} 
and ¢. 


Neutrality allows a voter to be neutral on 
bills about which he is indifferent, rather 
than forcing him to commit some of his 
voting power one way or the other. The 
fourth property of the admissible set that 
we shall require is admittedly stronger in 
its behavioral content, since it presumes an 
element of rationality often missing in 
practice. Above, we described the status 
quo as the failure of all of the bills. How- 
ever, alternatives may be constructed as 
follows: let a subset y of the proposed bills 
be considered passed, and in their place 
introduce new bills designed to defeat or 
recall the bills in y. In this case, the status 
quo ¢ is transformed into y, and any 
set of bills xe§ is transformed into 


¢ In the case of a representative assembly one might 
test for symmetry by examining whether, if two legis- 
lators interchanged constituencies, they could feastbly 
adopt each others voting strategies; e.g., symmetry 
might be violated if seniority or party affillations were 
major factors. 


x—ay+(J—x)Ay; in particular, y is 
transformed into the new status quo 
labeied ¢. We shall require that such 
variations in the status quo be irrelevant 
to the social choice by restricting the ad- 
missible decision rules appropriately. 


Definition: The set of admissible deci- 
sion rules is stable if for any transforma- 
tion T(y), yeS, of the set of social 
states which takes each wzeS into 
(g—aNy+(J—2)My)eS, and which’ 
transforms the citizens’ preferences cor- 
respondingly, each citizen 7’s decision 
tule d= (dj) is transformed into t= (8), 
where ð= difor jey and 5)= — dj for jey. 


Stability requires that a change in the 
status quo merely reverses the citizens’ 
affirmative and negative declarations for 
the bills in y considered passed a priori. 
Like Arrow’s Condition 1, stability hypoth- 
esizes a variation in the set of social 
states: I think any deep analysis of social 
choice must do so at some point. 

To summarize, we gather together the 
conditions imposed on the citizens’ deci- 
sion rules. 


Condition 4: The admissible set of citi- 
zens’ decision rules is symmetric, inde- 
pendent of the labeling of the bills, 
neutral, and stable. 


It should be noted that none of the four 
conditions imposed on the admissible 
decision rules hypothesizes citizens’ pref- 
erences violating Condition 1, in patucurer 
(c) of Condition 1. - 


IO. A Characterization of Individualistic 
Decision Rules 

Conditions 1-4 provide a general model 
of social choice by majority rule among 
independent bills when there is an ex- 
change economy for vote trading. In this 
model, the social choice is constrained by 
the method of majority rule, the norma- 
tive criterion of Pareto optimality, and 
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' the admissibility conditions imposed on 
_ the citizens’ decision rules. Unfortunately, 
' the decision rules consistent with these 
conditions have not been determined in 
i general. The purpose of our subsequent 
analysis is to characterize completely the 
citizens’ decision rules in an important 
special case. 

The special case we shall consider is the 
instance of a referendum as one would nor- 
mally occur in practice; namely, in which 
there are many citizens (actually it will be 
sufficient that the number of citizens ex- 
ceed the number of bills, m>mn) acting 
independently without opportunities to 
know or take advantage of others’ pref- 
erences or voting strategies. Note that 
this situation is consistent with our earlier 
presumption of a price-mediated market 
for vote trading accomplished anony- 
mously. The main result will show that the 
conditions imposed require that a citizen’s 
voting strategy be sincere, in the sense 
that his allocation of his voting power 
among the bills must constitute a cardinal 
measure of his preferences for the bills, 


Definition: An additive utility represen- 
tation of the 7-th citizen’s preference 
ordering R; of the social states is a set 
of real numbers {#,,|j=1,---, n}, 
one for each bill, such that xRy if and 
only if dojesttsy> P jatti for all xeS, 
yeS. 


We assert that each citizen’s decision rule 
must be such an additive utility represen- 
tation of his preferences, unless possibly 
he is indifferent among some social states. 

The special case is defined by the follow- 
ing additional condition, requiring that 
each citizen’s decision rule does not depend 
upon others’ preferences.’ 

7 In view of the remarks made at the end of Section I, 
this condition is even more restrictive than it may at 
first appear. For, if in an exchange-cconomy game a 
citizen’s choice of the numbers of votes he acquires on 


the various bills may depend only on his own prefer- 
ences and in an arbitrary way upon the equilibrium 


Condition 5: For each citizen 1, if Q'= Rt 
then a(t ane ae Q7)=a(R', sae es R») 
for all admissible preference orderings 
of the citizens. 


The result is the following. 


Theorem: If m>n and any citizen ¢ is 
not indifferent between any two social 
states, then Conditions 1-5 imply 
that his decision rule is an additive 
utility representation of his preferences. 


The proof. must show that #Py if, and 
only if, > yesd;> jedi. The if is trivial 
if the converse has been demonstrated. 
Also, Condition 1(c) shows that it suffices 
to suppose that x and y are disjoint. In- 
deed, we can assume y=¢ since otherwise 
we apply the transformation T(y) defined 
in the definition of stability; viz., «Py is 
transformed to («-++y)P.@ and, therefore, 
duiesdyt Dise(—d)>0 as required. 
Hence, suppose (for convenience) i=1, 
and that +P: but > jed <0. Let k be 
the number of bills in and note that 
k<n<m by hypothesis. Let a1,---, a 
be the & cyclic permutations of the indices 
of the bills in v (the others remaining un- 
changed), where a; is the identity. Condi- 
tion 1 allows us to consider the case in 
which a; maps R' into R' for į <k; and in 
which for ¢>k, fj} and ¢ are indifferent 
for each jEx. The neutrality condition 
allows us to suppose that d=0 for i>, 
j€a. Further, for i <k we can suppose that 
BR) =dy(R)=diey(R) for all jEz, 
where the first equality is allowed by the 
condition of independence and the second 





prices, Condition 5 would be violated because the 
equilibrium prices will generally depend upon all the 
citizens’ preferences. In an exchange-economy game, 
therefore, Condition 5 asserts that the valuation (at the 
equilibrium prices) of the votes a citizen acquires on 
any bill does not depend upon the prices. Given the 
social choice process assumed in Condition 2 this is 
entirely reasonable, but it is certainly not necessary. 
In Section IV we shall see that the equilibrium prices 
do not convey any information about the distribution 
of pro and con sentiments about a bill among the citi- 
zens, which is at least consistent with Condition 5, 
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by symmetry. Consequently, 


Sdg= Dd <0 

ter jEr 
for all jE and, therefore, by Condition 2 
all the bills in x will be defeated. But this 
violates Pareto optimality; since, for all 
i<k the i-th citizen strictly prefers (using 


Condition 1(c)) x+<° to x? for any social ` 


choice x° selected from the other bills not 
in x, and the other citizens are indiffer- 
ent. Thus, the original supposition that 
J jes d <0 must have been false, as was 
to be shown, and the proof is complete. 
This proof is roughly a variation on the 
theme of cyclical majorities employed by 
Arrow. 

The theorem is rather remarkable in one 
technical aspect; specifically, it. asserts 
that the wide range of admissible citizens’ 
preference orderings required in Condition 
1 is not compatible with the conditions 
2-5. Some time ago, Bruno de Finetti [7] 
and L. J. Savage [12] raised the question 
of whether Condition 1 implies the evis- 
tence of an additive utility representation, 
but the issue was resolved negatively by 
Charles Kraft, John Pratt, and A. Seiden- 
berg [8] in 1959 with a counter-example 
for #==5 with strict preferences. (A simpler 
proof is by Dana Scott [13].) They proved 
that the following is the necessary and 
sufficient condition for the existence of an 
additive utility representation of the i-th 
citizen’s preferences. 


Condition 6: If {(a*, y*)|k=1,---, K} 
is a finite sequence of elements from R‘, 
and if for each 7€J the numbers of a’s 
and y’s containing 7 are edna then 
(y*, 2) CR‘ for all R=1, , K. 


This condition implies Conditions 1(b) 
and 1(c) in the presence of 1(a), as can 
be seen by considering the sequence 
 {(x, y), (y, 8), (2, £) } for K=3 to estab- 
lish Condition 1(b), and the sequence 


(æ, »), +s, s+2)} for K=2 to estab- 
lish Condition 1(c). The Kraft, Pratt, and 
Seidenberg [8] result yields the following 
additional result in the present context. 


Corollary: If m>* and any citizen 7 is 
not indifferent between any two social 
states, then Conditions 1-5 imply that 
the i-th citizen’s preferences satisfy 
Condition 6. 


That is, Condition 6 is a necessary condi- 
tion for the existence of the additive utility 
representation asserted in the theorem. 
Note that since the citizen’s preferences 
are strict, the hypothesis and conclusion 
of Condition 6 can both be true only if 
xt=y* for all k=1,-+-, K. The signifi- 
cance of this Corollary is that it demon- 
strates that the Conditions 2-5 imposed 
on the social choice and the citizens’ deci- 
sion rules constitute a restriction on the 
admissible citizens’ preferences. 


IV. Analysts and Discussion 


In terms of our original description of 
vote trading, the theorem above asserts 
that if m>n, all preferences are strict, and 
Conditions 1-5 are satisfied, then there 
must exist an additive utility representa- 
tion {u4} of each citizen 2’s preferences 
such that for each bill j, 


ty = moy Ij Vy 


o 
(where oxy = | uyl ) 


for some constant u;>0. Multiplying by 
gą and summing this relation among the 
bills, and assuming a budget equality 
Fjell Vasl, yields m= Diyer| uyl. 

That is, u is a scale parameter measuring 
the utility difference or gain between the 
worst and best social states for the i-th 
citizen. Of course, we can scale this gain 
to unity for each citizen, since utility 
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' scales are arbitrary. Similarly, summing 
this time among all citizens and using 
the condition J, eVy=m yields 
U= (1/m) Sver| uul ; that is, the price of 
a vote on the j-th bill is proportional to 
the sum of the stakes in the bill.’ Finally, 
the j-th bill passes if and only if 


> ouV y > 0, 


fer 


or equivalently J eruy>0. 

The way in which this model violates 
the Independence of Irrelevant Alterna- 
tives is now apparent. Suppose that in a 
particular instance the n-th bill is defeated. 
The Independence of Irrelevant Alterna- 
tives requires that if the m-th bill had 
never been proposed for the referendum 
then the same social state would have re- 
sulted. However, if among the citizens 
there were diverse stakes in the n-th bill 
then this is not assured at all; for, after 
eliminating the n-th bill, rescaling of the 
citizens’ gains to unity will produce diverse 
effects on their stakes in any remaining 
bill, possibly to the extent of changing its 
disposition. Thus, the mere proposal of a 
bill, even if subsequently defeated, may 
affect the passage or failure of other bills 
since it will require allocations of the citi- 
zens’ voting power in varying amounts 
depending upon their respective stakes in 
it, 

Alternatively, one can construe the im- 
puted equality among the citizens’ gains 
as an interpersonal comparison of utilities, 
which is prohibited by the Independence 
of Irrelevant Alternatives. 


As an example, suppose there are three’ 


bills in a referendum presented to three 
citizens who rank the social states as 
follows (Table 1): 


* Note that the price of a vote on a bill is independent 
of the distribution of pro and con sentiments among the 
citizens. 


TABLE 1 
SOCIAL STATE RANE ORDERINGS 
(Burs Passep) Citizens (f): 1 2 3 
g 328 
1 444 
2 167 
3 7 1 6 
1,2 2 8 3 
1,3 8 3 2 
2,3 § 5 5 
1,2,3 671 





In this case the following decision rules are 
admissible (Table 2): 


TABLE 2—Decrsion RULES (dj) 





Crrmen (4)/Bill (j): 1 2 3 
1 1/12 3/12 —8/12 
2 —3/12 —8/12 1/12 
3 8/12 1/12 3/12 


And the votes as cast will be as follows, 
with the indicated dispositions of the bills 
and the prices of votes (Table 3): 


TABLE 3—VotTES 





1 2 3 
2 1 1 
i 2 2 


1/3 1/3 1/3 
Pass Fail Fall 








In this example, bill 1 passes. However, if 
bills 2 and 3 are eliminated from considera- 
tion then bill 1 must fail since a majority 
of citizens (¢=1 and 2) opposes it and no 
vote trading is possible. 

It is worth noting also that in the above 
example direct balloting among alterna- 
tive social states, as in Arrow’s characteri- 
zation of logrolling, would yield an in- 
transitivity among the triplet of social 
states (¢, 1, 2), among several others. 
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V. Generalization 


The special case of individualistic deci- 
sion rules, considered above in Sections 
TI and IV, is obviously too restrictive to 
be of great value in the analysis of realistic 
voting situations. It is worthwhile, there- 
fore, to indicate briefly the directions in 
which the present results may be extended. 
Elsewhere, using the theory of cooperative 
games without side payments, I have be- 
gun the analysis of the general case posed 
by Conditions 1—4 in Section I1.° 

The most obvious fault with Condition 
5 is the unrealistic exclusion of any de- 
pendence of a citizen’s decision rule upon 
the set of equilibrium prices, say of the 
form d‘(R‘; Il) where D= (II,). Indeed, it is 
evident that regardless of the practical 
limitations on a citizen’s ability to know 
others’ preferences and strategies, he must 
know the prices if the model is to conform 
to an exchange economy: certainly a re- 
contracting process (cf. fn. 3) would pre- 
sume this information. Also, the situation 
constructed to obtain the contradiction 
in the proof of the theorem is consistent 
only with the instance of equal prices for 
votes on all bills, as in the example in 
Section IV. 

An appealing way of analyzing price 
dependencies is to enforce the Weak (or 
Strong) Axiom of Revealed Preference, 
but I have not obtained any sharp char- 
acterizations from this approach. A less 
appealing but more successful approach 
has been the following. While weakening 
Condition 5 to allow price dependencies, 
strengthen Condition 4 by appending the 
following condition. 


Condition 7: For each subset of bills 
HCJ, ¢#H#J, and each scalar i, 


? Robert Wilson, [15] and [16]; the former was pre- 
sented at the Social Choice Conference, University of 
Pittsburgh, September 9-12, 1968, and will be included 
in the forthcoming volume of its Proceedings edited by 
Bernhardt Lieberman and R. Duncan Luce. 


such that 0<); J enl G(R; O)| <1, 
there exists an admissible preference 
ordering Q' for the i-th citizen such that 
Rt and Qi agree on H and 4,(Q?; I) 
=),d)(R‘; I) for all 7EH. 
That is, by varying a citizen’s preferences 
for bills not in H, one can vary arbitrarily 
the proportion of his budget allocated to 


‘the bills in H without altering the distribu- 


tion among the bills in H. Of course, the 
reasonableness of this condition depends 
upon Condition 1(c), and in any case it isa 
very strong condition. Together with 
Conditions 1—4, and 5 as modified, Condi- 
tion 7 implies the following weaker version 
of the theorem in Section ITI. Suppose 
n<m and that for some CS, + #J, «Pid. 
Let B= {B;|i€I} be any set of permuta- 
tions on the indices of the bills in x for 
which £, is the identity. Then, for each 
such 6 there exists a set of scalars 
t= [hlj Ex, £;>0} such that 


1 1 i 
> tdi(R 31) > 0 


ger 


(>ifi = 1) 


for all iE7, where 8; maps II‘ into Il. The 
proof, which is omitted here, employs the 
duality theory of linear inequalities.’ 
A little consideration will show that the 
effect of this result is to restrict the varia- 
tions in the decision rule arising from price 
effects to a fairly narrow range around the 
decision rule predicted in the case of no 
price dependencies: the more numerous 
the bills, the tighter the restriction. If 
there are no price dependencies, then 
€;= 1 for all j €x suffices and we obtain our 
earlier results once again. This appears to 
be nearly the strongest result that can be 
obtained by considering only permuta- 
tions; hence, another approach may be 
more effective in further analyses. 


10 The proof follows closely the lines of the proof of 
the earlier theorem. 
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Price Expectations and the 
Phillips Curve 


By Rozert E. Lucas, JR. AND LEONARD A. RAPPING* 


Until recently, there have been two main 
approaches to the rationalization of the 
observed negative correlation between the 
unemployment rate and the rate of infla- 
tion (the Phillips curve)}. Phillips [19] and 
Lipsey [8] postulated a competitive adjust- 
ment mechanism, where the rate of change 
in money wages is negatively related to 
excess supply in the labor market, with the 
latter quantity measured by the unemploy- 
ment rate. A second view, expressed by 
Eckstein and Wilson [3] and Perry [17] 
emphasizes a collective bargaining mecha- 
nism with unemployment rates and other 
variables (like profit rates) measuring union 
bargaining power over (or employer resis- 
tance to) increases in money wages.” Both 


* The authors are associate professors at Carnegie- 
Mellon University. They wish to thank T. W. McGuire 
and E. Phelps who commented on an earlier draft of 
this paper. 

1 Throughout this paper the term Phillips curve is 
used interchangeably to refer either to a price change- 
unemployment relationship or to a money wage change- 
unemployment relationship. 

3 These remarks are not intended to suggest that the 
references cited contain a well articulated theory of 
wage-employment determination in an economy domi- 
nated by collective bargaining. We have been unable to 
find auch 2 theory anywhere in the literature, We have, 
however, attempted to construct a rationalization of 
the Phillips curve along these lines ourselves—an at- 
tempt which ran into two difficulties we found insur- 
mountable, First, why should “money illusion” char- 
acterize the outcome of collective bargaining if the 
individuals and employers involved are free of it? Sec- 
ond, even if one had an adequate theory of wage deter- 
mination in a single, unionized sector, what implica- 
tions will this theory have for aggregate wage and em- 
ployment determination? (This later point is developed 
more fully in [9].) In part, the union impact on aggre- 
gate wages depends on the wage interconnections be- 
tween the unionized sector and the rest of the economy. 
In several recent studies, McGuire and Rapping, [11], 
{12], [13], [14] argue that most of the evidence on 
“spillovers” from unionized to nonunionized sectors is 
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approaches, as implemented empirically by 
these and other authors, imply a permanent 
and rather discouraging tradeoff between 
inflation and unemployment. The results 
have led to two important policy conclu- 
sions: first, that sustained inflation is both 
necessary and sufficient to the sustained 
maintenance of low unemployment rates; 
and, second, that policies (like wage-price 
guideposts) which may shift the Phillips 
curve, are an important ingredient of na- 
tional economic policy. 

Recently, several authors have sought to 
elaborate different theories underlying the 
Phillips curve, emphasizing the role of ex- 
pectations in labor markets either in addi- 
tion to, or in place of, the bargaining mecha- 
nisms referred to above.’ These approaches, 
while differing considerably in detail, all 
suggest that the inflation-unemployment 
trade-off is a short run phenomenon, or that 
sustained inflation will make no contribu- 
tion to the permanent lowering of unem- 
ployment rates. In view of the policy impli- 
cations drawn from the original approaches, 
as sketched above, it is clearly crucial to 
attempt to discriminate empirically between 
what may be called the “bargaining mech- 
anism approach” and the “expectations 
approach” to a theory of the Phillips curve. 

The objective of this paper is to review a 
particular version of the “expectations ap- 
proach” (our own), to test this version on 
either ambiguous or irrelevant to absolue wage determi- 
nation. For an application of a bargaining based 
Phillips curve to the entire economy (as opposed to the 
manufacturing sector studied in [3], and (18]) see Tella 
and Tinsley [21]. 

3 We have in mind our own previous study, [9], as 


well as Phelps [18], Friedman [4], Meltzer [10], and 
Mortenson [15]. 
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United States time series for 1904-65, and 
_ to use this theory as a framework for isolat- 

ing short and long run unemployment- 
inflation trade-offs. Theory, tests, and con- 
clusions are given in sections I, IJ, and HI 
respectively. 


I. An Expectations Theory of 
the Phillips Curve 


In an earlier study* we postulated an ag- 
gregate labor supply function of the form: 


In (N/M) 


(1) = Bo + Bi ln (wi/w*) + Be ln (w) 


— Bs ln (P*/P), 


where N; is total man-hours supplied, M, is 
population, wę is the current real wage 
(W./P,), and w and P* are “permanent” 
or “normal” real wages and prices respec- 
tively. In [9], eq. (1) is generated by a two- 
period Fisherian analysis of the household’s 
labor-leisure choice problem, which implies 
that 6, and ĝ: are positive, while 8, may 
have either sign. Estimates reported in [9] 
indicate that 62 is approximately zero, or 
that the long run labor supply schedule is 
approximately vertical. On the other hand, 
it was found that labor supply is highly 
responsive to changes in w,/w,*, the ratio 
of current to normal wages, and to the an- 
ticipated inflation rate, In(P*/P,). Thus the 
short and long run behavior of labor supply, 
as predicted by our theory and confirmed in 
our tests, is as indicated in Figure 1.5 

Combining this supply model with a labor 
demand function, and assuming that labor 
markets are cleared each period, one has a 
complete aggregate labor market model 
(once the formation of w? and P% is de- 
scribed). Completing the model in this way, 

“Since considerable space is devoted to explaining 
equation (1) in our earlier paper [9], treatment here will 
be sketchy. 

5 An anticipated rise in the price of future goods in- 
duces, among other effects, a substitution of current 
leisure for future goods consumption—hence a decrease 


in current labor supply (other prices, including the 
nominal interest rate, remaining fixed). 





FriourkE 1 


the interpretation of all or part of measured 
unemployment as an excess supply in the 
usual sense is precluded. We sought, then, 
an alternative hypothesis as to what people 
mean when they answer “yes” to the Census 
Bureau question: “Are you actively seeking 
work?” We hypothesized that respondents 
to this question take it to mean: “Are you 
seeking work at your normal wage rate?” 
Thus we assumed that the labor force as 
measured by the employment survey con- 
sists of employed persons plus those who 
are searching for work at what they regard 
as their normal wage rate (or, roughly 
equivalently, in their normal occupation). 

To define unemployment (in our sense) 
more precisely, we define the normal labor 
supply, NÝ, to be the quantity which would 
be supplied when the actual wage rate, w: 
equals the anticipated normal wage, wzi 
and when actual prices, Pa equal normal 
prices, PŽ.. Under these conditions, (1) 
becomes: 


(2) In (N/M) = Bo + Bln wm 
+ (Ba — Bi) inwe — Ba In (Pe/ Pr) 
Subtracting (1) from (2) gives: 
In (N/N) = By In (we-a/wr) 
+ By in (Pra/P). 


Because In (N7/N)~(NA—N,)/Ny, the 
left side of (3) has the dimensions of an un- 
employment rate, but it will differ from the 
measured unemployment rate, U+, for two 
reasons. First, teenagers and women may 


(3) 
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fail to report themselves as unemployed 
and, secondly, W“ is defined in terms of a 
representative household and so does not 
allow for the frictional component of mea- 
sured unemployment. Since there is reason 
to think that the frictional and nonfric- 
tional components of total unemployment 
vary together, we assume that U, and 
In (N?/N,) are linearly related: 


(4) Us=gotgiln(N/N), go, £1 > 0. 
Combining (3) and (4): 
Us = go + gbi In (w/w) 

+ gb: In (Pi/P.). 


It remains only to link the unobserved, 
normal wages and prices to observable, 
actual values. In our original model we 
assumed that both normal variables are 
adaptively calculated by households from 
actual values, with the same reaction 
parameter A, 0<A<1, or that: 


(6) In (wë) = à in (w) + (1 — A) In (wed), 
and: 
(7) Wn (P®) =\ln (P) + (1 — A) i (PRY). 


Using standard methods to reduce the 
system of difference equations (5)-(7) to a 


(5) 


single difference equation in U,, we obtain: . 


Ui = Ago — g181 ln (W/w) 
(8) = Eb: ln (P/P) 
+ (i ou A) Ui 


The reader should note that when going 
from (5) to (8) the coefficients of the wage 
and price terms change sign because in (6) 
and (7) we assume an “elasticity of expec- 
tations” less than unity (when current 
prices or real wages rise, suppliers anticipate 
an eventual return to normalcy). Since (8) 
relates unemployment to the inflation rate 
(celeris paribus) it is a Phillips curve in the 
broad sense.’ In the next section, estimates 


t See note 10. 
7 Since knowledge of the rates of change of any two 


of (8) for 1904-65, and various subperiods, 
are reported. 

As with the other empirical Phillips 
curves, (8) implies a long run as well as a 
short run inflation-unemployment trade-off, 
with the consequent promise of a permanent 
decrease in unemployment if the economy 
is willing to tolerate a sustained inflation. 
This long run trade-off is, however, built 
into (8) in a transparent way by the expec- 
tations hypotheses (6) and (7). Thus the 
reason (8) offers a long run trade-off lies in 
the assumption of an unreasonable stub- 
borness on the part of households: if a sus- 
tained inflation policy is pursued by the 
government, households following (7) will 
continue forever to underpredict future 
prices. 

There is no entirely satisfactory way to 
remedy this deficiency in the theory within 
the framework of adaptive expectations. 
Any forecaster predicting future prices as a 
fixed function, however complicated, of 
past prices can be systematically fooled by 
a clever opponent manipulating the actual 
series at will. But since there is little reason 
to believe that the government systemati- 
cally manipulates prices, it may be worth- 
while to examine adaptive schemes which, 
unlike (6) and (7), permit a short run 
Phillips curve without deciding the ques- 
tion of the existence of a long run curve a 
priori. 

Focusing on the anticipation of prices 
rather than real wages, a natural generaliza- 
tion of (7) is the hypothesis that In(P*) isa 
“rational distributed lag function” of past 
actual values,® or that: 





of the three variables wę P; and w:P: (money wages) 
implies knowledge of the rate of change of the third, 
(8) can be rewritten in two other ways. In particular, 
one may relate unemployment to money wage changes, 
as is more conventionally done. 

*The term “rational distributed lag function” is 
from Jorgenson [6], where the word “rational” applies 
to the form of the generating function of the distri- 
buted lag. Jorgenson shows that a distributed lag has a 
rational generating function if and only if it can be ex- 
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In (P*) = bs in (Pi) + bi In (Pe) 
+- + b, in (Pi) 
+ as ln (P£) +> 
+ a, ln (PÈ). 


(9) 


As in (7), we impose the condition: 
(10) b+:--:+b+a+::-+4,=1, 


so that a proportional change in al past 
prices would imply a change in P;* of the 
same proportion.” We assume as well that 
(9) is stable. 

Equations (5), (6) and (9) form a system 
of three linear difference equations in U, 
In(P¥) and In(wi*) with forcing variables 
In(P,) and In(w.), which may, using the 
restriction (10), be reduced to a difference 
equation in U, of the form 3° 


U,=atoAl(P)+--- 
+ cA ln (Pra) + doA In (wr) 
(11) +- + dA ln (Win) 
F eUii H eoe + enU im; 


where Axv,=%,—%1. The coefficient co of 
the current inflation rate in (11) is equal to 
g:81(bo— 1) so that the existence of a down- 





pressed in the form (9), which he calls its “final form”. 
This usage should not be confused with “rational ex- 
pectations” as defined by Muth in [16]; the two con- 
cepts are unrelated. 

? The formulation (9) is sufficiently general to include 
the best known expectations hypotheses. For example, 
to obtain (7), let bo =A and ai= 1-A. For expectations of 
inflation which are adaptive on the rates of change of 
prices (and hence extrapolative on price levels) set 
bo=1-FA, b= —1, and a1==1-d, and other a, by equal to 
zero. (This example also shows that one would not 
wish to impose the restriction };>0 on (9)). Any con- 
vex combination of regressive (as in (7)) and extrapola- 
tive expectations can then be formed in an obvious way. 

10 This reduction is most easily carried out by re- 
writing (5), (6) and (9) in terms of current (time #) 
values of the variables, using the lag operator Æ de- 
fined by Ex,==2;1. Then to obtain (11), one multiplies 
both sides of (5) by [1-a:E-. . .-a,H*] [1-(1-\)#] and 
substitutes from (6) and (9) to eliminate terms involving 
w* and P;*, Then applying (10) to the resulting expres- 
sion yields (11). The parameters k, » and m of (11) are 
found to be k= max(r,s)—1, n=s, and m=s-+1. Simi- 
larly, the constants csi, dj, ¢, are determinable functions 
of bo, ..; br, Gis- o y a Aga Bi and Pa. 


ward sloping short run Phillips curve is 
equivalent to the condition bọ <1 (an “elas- 
ticity of expectations” less than unity). 
The slope of the long run Phillips curve is 
obtained by summing the coefficients co 
+ - - - +a and dividing by one minus the 
sum of the lagged unemployment terms, 
ert -> e ten. 

For k=0, (11) implies that there will be 
a long run Phillips curve if and only if there 
is a short run Phillips curve, both cases 
occurring whenever co <0. For k>1, how- 
ever, it is entirely possible that co<0 and 
simultaneously cot --+-+c,=0, so that 
the slope of the long run curve is zero. 

In the next section, we report estimates 
of the coefficients of (11) for the case k= 2, 
n= 1, m=2—the values which, after some 
experimenting, appeared to yield the 
“best” results." Using this case as a 
maintained hypothesis, we also test the 
hypotheses cote:t+c2:=0 and do+di=0. 
In the testing and estimation, we assume 
that (11) is disturbed by an error term 
en where fe} is a sequence of independent 
identically distributed random variables 
with finite variance o? and mean 0, inde- 
pendent of contemporaneous values of 
w, and P; Under these conditions, and 
provided (11) is stable? the estimated 
coefficients will be consistent and asympto- 
tically normal, and certain Chi-square 
tests (described in detail below) will be 
approximately valid. 


II. Empirical Results. 


In this section we report tests of (8) and 
(11), on data series covering the period 
1900-65. For the years 1900-60, the un- 
employment series used is from Leber- 
gott [7, p. 512] and for 1961-65, reported 
census data are used [1, p. 236]. The price 
series is the Consumer Price Index taken 


1t In terms of the parameters of (9), this case corre- 
sponds tor=3 and s=1. 

8 The stability of (11) follows from the assumed sta- 
bility of (6) and (9). 
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TaBe 1—Estmates ror Monet Basen on Equations (5), (6) AND (7).* 








Variable 

















Time Constant Aln(P) Aln(w,) (Urs)  R{Ad) DWS 
Period 
1904-65 2.32 25.28  —21.72 822 832 1.44 
(.57)*** (5.82 (10.18)* Cosa" 
1904-29 4.04. = 10.84 9 29.75 322 370 1.67 
o C95 (6.84 (12.21)"* (179 
1930-45 2.50 —70.80 4.19 818 953 2.21 
(1.40) (8.73) (22.45) (.063)*** 
1946-65 £15 —13.380 = 4.51 249 180 1.73 
G3 (10.23) (12.74) (C208) 
1930-65 4.2 —59 säi 5 .80 95 1.50 
from [9] (a. (8 (24) (.05)"** 
* 025 


** $ one tail significance at ‘OL 
we 005 


* The unemployment rate is measured as a percentage while the Als variables are on 
the order of magnitude of .01. The effect of a one percentage point increase in the rate of 
inflation on the percentage unemployment rate is found by dividing the estimated 
Aln(P,) coefficients by 100. For example, for the period 1904-29 the coefficient of Aln(P,) 
is — 10.84 which is interpeted to mean that when the inflation rate goes from, say, 0 per- 
cent to 1 percent, the unemployment rate falls initially by about .11 percentage points. 


from [1, p. 262] and [20]. Hourly com- 
pensation was obtained by linking the 
Lucas-Rapping [9] all economy hourly 
money compensation series (1929-65) to 
the Rees [20] series for manufacturing 
(1900-29) 8 

In Table 1 we report estimates of the 
coefficients of (8) for the period 1904-65 
(line 1), for three subperiods (lines 2-4) 
and roughly comparable estimates for 
1930-65 from [9] (line 5). The division 
of the period into three subperiods is 
arbitrary. We wish to separate the post- 
war years to obtain comparability with 
the many Phillips curve studies done for 
this period. In view of the folklore referring 
to 1929 as “the end of an era,” it seemed 
another natural dividing point. Whatever 
the reasons for this subdivision, however, 
we think the reader will agree after seeing 


8 The data used in this paper are available upon re- 
quest from the authors, 
“Jn [9], we measured price by the GNP deflator. 


the results that it was fortunate that we 
tried it. 

In Table 1 standard errors are given 
below each coefficient estimate. Each set of 
estimates indicates a (short and long run) 
Phillips curve with a quantitatively signi- 
ficant negative slope. Thus for example, 
leaving aside the question of statistical 
significance, the estimated inflation term 
for the period 1946-65 implies an initial 
fall in the measured unemployment rate of 
about .14 percentage points per percentage 
point increase in the inflation rate. Under a 
sustained inflation, the final impact on 
unemployment is .18 per percentage point 
increase in the inflation rate [.1380/(1- 
.249)]. The real wage rate has a statisti- 
cally significant effect in the predicted 
direction for the entire period and for the 
1904-29 period, but not for the latter two 
periods. There is an indication of serial 
correlation in each regression.!® The Chi- 


18 We refer to the stated values of the Durbin-Wat- 
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TABLE 2—Estmtates FOR MopEL Basen on Equations (3), (6) AND (9). 
R? 
Constant Aln(P;) An(Pii) Aln(Pia) Aln(w) Aln(wi) Usi Uta (Adj) DWS 
Period ; 
1904-65 1.15 —39.16 35.36 —17.38 —11.86 26.67 1.170 —.322 .876 2.01 
(.63) (6.69)*** (8.19)*** (6.84)*** (9.19) (9.52)*** (.126)*** (.123)** 
1904-29 2.12 —20.09 30.32 —12.61 -—34.78 — 1.32 .680 .021 .532 1.91 
(1.21) (8.11)** (9.07)*** (9.11)  (13.52)*** (12.92) (.227)*** (.232) 
1930-45 1.98 —96.87 5.97 24.27 18.90 11.44 423 374 .966 1.87 
(2.08) (15.49)*** (22.13) (13.04) (22.24) (21.50) (.277)  (.286) 
1946-65 5.55 —12.73 —13.20 7.00 —15.05 —10.44 ` .247 —.147 —.05 1.94 
(3.29) (17.29) (34.20) (15.48) (22.68) (30.39) (.305)  (.275) 





hóg e tail signi t .01 
en 7 OD significance a 005 


square statistic for testing the stability 


of the coefficients across the three sub- 
periods takes the value 70.9, to be com- 
pared to the .005 critical value (8 degrees of 
freedom) of 22.0.° Hence the hypothesis 
that the coefficients are equal in all sub- 
periods is decisively rejected. 

In turning to estimates for the more 
complicated hypothesis (11) (with k=2, 
n=1, m=2) reported in Table 2, we have 
in mind three sets of questions. First, is 
the additional complexity justified by 





son statistic. Of course, the critical values tabulated by 
these authors in [2] do not apply to stochastic difference 
equations as estimated here, 

16 Let SSg and DF be the residual sum of squares and 
the degrees of freedom under the maintained hypothe- 
sis, let SS. be the residual sum of squares under the null 
hypothesis, and let df be the number of independent 
restrictions imposed by the null hypothesis. The statis- 
tic used is (DF)(SS.-SSp/SSa) which converges in dis- 
tribution to a Chi-square with df degrees of freedom as 
DPF goes to infinity. In the subperiods, DF is as low as 
8 in some of our tests, so caveat arbiter. 

As an alternative test statistic, we considered the F- 
statistic based on SSg and SSe. Since the estimated 
equations are stochastic difference equations, the test 
is also at best approximately valid and the properties 
of the latter approximation, while perhaps superior to 
the one we used, are unknown. Similar considerations 
led us to use unit normal, rather than Student’s tables, 
to judge the significance of the estimates reported in 
Tables 1 and 2. 


significance tests on the added coefficients? 
Second, are the instability and serial 
correlation which appear in the Table 1 
estimates eliminated? Third, do the esti- 
mates succeed in reconciling a downward 
sloping short run Phillips curve with a 
flat long run curve? 

The estimates for the entire period, and 
to a lesser extent for the subperiods, indi- 
cate clearly that the additional lagged 
inflation rates, rates of wage change, and 
unemployment rates result in a significant 
improvement.” Further, serial correlation 
appears to be absent from all regressions. 
The instability across periods is, however, 
still present as measured by the Chi- 
square statistic 64.2, to be compared to 
the .005 critical value (16 degrees of free- 
dom) of 34.3. Thus, we must discuss the 
results for each period separately, rather 
than treat the first line of Table 2 as an 
accurate Phillips curve for the entire 
period. (It is fortunate that we chose 
arbitrarily to split the data period since 
there is no clue in the results on the first 
line of Table 2 that the regression over the 
whole period is dangerously misleading.) 

17 The significance of coefficients of added variables is 


the criterion we have used to select the “best” of the 
various instances of (11). 
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In the two subperiods, 1904-29 and 
1930-45, indicated in Table 2 there is 
evidence of a short run Phillips curve: the 
coefficient of Aln(P,) in each regression is 
negative and significantly different from 
zero. On the other hand, for the period 
1946-65 there is no statistical evidence of a 
short run Phillips curve, but this regression 
does not improve on the comparable period 
results reported in Table 1. To test for 
the existence of a long run Phillips curve 
we consider three null hypotheses. First, 
the hypothesis that a sustained, con- 
stant percentage rate of inflation has no 
long run effect on unemployment is seen, 
from (11), to require that the coefficients 
of all price change variables (three in the 
regressions reported in Table 2) add to 
zero: we refer to this hypothesis (in Table 
3, below) as Ho. The hypothesis that the 
coefficients of the lagged wage changes 
sum to zero is termed H,. Finally, let H3 
be the hypothesis that both Ho and H, are 
true. 


TABLE 3}—CHI-SQUARE TESTS 




















Hypothesis 

Tested H 0 H.: 1 H 2 
Period 
1904-65 x? 8.360* 1,159 9.566** 
1904-29 x 095 3.051 3.819 
1930-45 x 23.497 -702 24.627*** 
1946-65 x! 587 279 942 





-x : , .O1 significance 
eis } Null Hypothesis Rejected at i 005 level. 


Table 3 provides Chi-square statistics 
for testing these hypothesis, for the entire 
period and for each subperiod, within the 
version of (11) reported in Table 2. In view 
of the instability of coeffcients across 
periods, only the subperiod results appear 
to be of interest. Table 3 shows that there 
is no evidence of a long run Phillips curve 


over the first subperiod 1904-29. In this 
period, the first-period impact of an in- 
crease in the inflation rate is a decrease in 
unemployment, but this initial effect is 
counteracted in the second year with. an 
effect in the opposite direction. The third 
period effect is again negative. Adding the 
price change coefficients over the three 
terms yields a negative estimate in this 
case, but this sum does not differ signifi- 
cantly from zero.!8 Similar remarks hold for 
the wage change coefficients over the first 
two periods. 

The results for the second period, 1930- 
45, indicate the presence of a long run 
Phillips curve. But the results for the 
1946-65 period are strikingly different. 
For this period there is no evidence of a 
long run relationship, a not too surprising 
result in light of the fact that the individ- 
ual coefficients are all statistically insig- 
nificant in this period. 


III. Conclusions 


The objective of this paper has been to 
articulate what we have called an expecta- 
tions theory of the Phillips curve, and to 
develop and test some of its implications. 
Our primary emphasis has been on the 
possibility, strongly suggested by our 
theory, that the Phillips curve is a short 
run phenomenon, in the sense that a sus- 


18 To estimate the slope of the long run Phillips curve, 
one divides the sum of the price change coefficients by 
one minus the sum of the lagged unemployment co- 
efficients, This estimate can be large even in cases 
where its numerator does not differ significantly from 
zero. Thus, for example, for the period 1904-29 this 
estimate is — 7.96 which is smaller in absolute value 
than the initial effect of — 20.09 (Table 2). On the other 
hand, for the periods 1930-45 and 1946-65 the long 
run point estimates are —567.34 and —21.03 respec- 
tively. These estimates are larger than the initial in- 
flation impact as estimated by the leading inflation 
term in Table 2. Of course, to the extent that the 
lagged unemployment rates reflect the impact of 
forces other than lagged inflation rates, we may sub- 
stantially overstate the long run effect of inflation on 
unemployment rates. A discussion of this and other 
estimation problems in models such as ours can be found 
in Griliches [5}. 
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tained inflation will have a temporary but 
not a long run effect on unemployment. As 
reported in the last section, our results 
show (1) that our particular expectations- 
based Phillips curve is not stable over the 
three (arbitrary) subperiods of the period 
1904-65, (2) that a short run Phillips 
curve exists in each subperiod, although 
the relationship for the most recent period, 
1946-65, is less statistically obvious than 
for the earlier periods, and (3) that the 
hypothesis that there is no long run Phil- 
lips curve is accepted for the periods 
1904-29 and 1946-65, but rejected for the 


| period 1930-45. 


What is to be concluded from these 
tests? As reported econometric models go, 
ours can scarcely be called successful, but 
we think its failures are suggestive along 
several lines. First, it is clear that the exis- 
tence of a short run Phillips curve is con- 
sistent (in practice as well as in principle) 
with the absence of a long run inflation- 
unemployment tradeoff. Second, the ex- 
pectations view as we have developed it 
appears to have promise in the sense that 
the additional explanatory variables it 
suggests are frequently (though by no 
means uniformly) significant. Third, and 
most important, statistical Phillips curves 
are highly unstable over time, and this 
instability is far too serious to be dismissed 
by a vacuous reference to structural 
change in either 1929 or 1946. Until the 


| variables which are shifting these curves 


can be identified, and verified as important 

by testing over the entire period, we see no 

alternative to the conclusion that empiri- 

cal Phillips curves (ours included) are a 

weak foundation on which to base policy 

decisions. 
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WAGES AND THE GUIDEPOSTS: 
COMMENT 


By PAUL S. ANDERSON” 


George Perry’s first test of the impact of 


the wage guidepost policy of 1962—66 in- 
volved the prediction of wage rises in manu- 
facturing for the 1961-66 period using his 
Phillips Curve regression equation based on 
the years 1947-60; he found that this equa- 
tion overestimated 1962-66 wage rises by 
up to 24 percent on an annual basis [3, pp. 
898-99]. Perry’s results were corroborated in 
a test made by Levy, who found that Perry’s 
Phillips Curve equation from 1948-67, with 
a guidepost dummy variable for the period 
1962-67, yielded a coefficient of — 1.5 for the 
dummy which was significant at .01 [1, p. 12]. 

Since these tests are based on Perry’s 
version of the Phillips Curve regression equa- 
tion, the reliability or stability of that equa- 
tion is crucial to evaluating the significance 
of the test results. Shown in Table 1 are 
Phillips Curve regression equations with 
Perry’s variables for the 1948-67 period and 
various subperiods which were derived by 
Levy [1, pp. 3, 12]. The first equation is es- 
sentially Perry’s basic equation ending in 
1960 while the next two extend to 1967 with 
a guidepost dummy in the third. The coeff- 
cients vary little among these three equations 
and are highly significant which suggests 
both that Perry’s basic equation is stable and 
that the guidepost was effective. 

However, when the 1948-67 period is di- 
vided into three subperiods, the coefficients 
become extremely unstable with two of them 
actually changing sign. It is not surprising 
that Levy found that they “failed” the Chow 
test that no statistically significant struc- 
tural shift occurred between each successive 
pair of subperiods [1, p. 6]. In light of such 
instability there is serious doubt as to 
whether these independent variables bear 
any basic causal relation to wage changes. A 


* The author is financial economist at the Federal 
Reserve Bank of Boston. 


“more reasonable interpretation might be to 
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consider all the variables, both dependent 
and independent, as business cycle indicators 
with the true independent variable being 
fluctuations in business conditions. 

When a regression equation exhibits a 
marked structural shift, it is to be expected 
that a dummy variable for some part of the 
period spanned will turn out statistically 
significant. In order to test whether other 
periods than 1962-67 would yield a signifi- 
cant value for a dummy variable, the present 
author inserted the value unity for consecu- 
tive 5-year periods in turn over the entire 
1948-67 span, beginning with each even- 
numbered year. The coefficients of the 
dummy were positive for the first part of 
the 1948-67 period and then turned zero and 
negative. Significant values for the dummy 
were obtained for 1956-60 (positive) and 
1962-66 (negative). Since the dummy for 
the 1960-64 period was almost zero while 
that for 1962-67 was highly significant, the 
1962-67 period was divided into two dummy 
test periods, 1962-64 and 1965-67. The 
dummy for 1962-64 was not significant 
(t value of —1.1) while that for 1965-67 was 
highly significant (¢ value of —7.1). 

To summarize these various dummy tests: 
(1) all that a significant value for a dummy 
variable shows is that a significant structural 
shift has occurred and Levy’s Chow test 
showed this had happened to Perry’s Phillips 
Curve equation even before 1962; (2) a sig- 
nificant value was obtained for a dummy 
variable inserted into the 1948-67 equation 
for 1956-60; and (3) a dummy variable for 
1962-64 was not significant. It seems reason- 
able to conclude that dummy variable test- 
ing leaves the efficacy of the wage guidepost 
policy in doubt. 

Perry’s next demonstration of the impact 
of the wage guidepost involved a comparison 
of wage rises in visible and invisible manu- 
facturing industries, with visible industries 
being those judged most susceptible to guide- 
post pressure. Perry showed these industries 
had statistically significantly higher ratios of 
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TABLE 1—Corrricrents OF PHILLIPS CURVE REGRESSION Equation 

















i . | Inverted ; 

: hange in Guidepost 
Period Constant apr 12 | Profit Rate a Att KON Dummyt 
1948—60 —4.7 357% 44 73 15.0** 

1948-67 —2.8 42" 27 49" 13.7** 

1948-67 —2.6 40 .31** .66"* 12.4%* | —1.46** 
1948-53 —17.9 —.4 1.18"* 1.01%* 33.6" 

1953-60 —4.5 .63** .31* 1.09% 19.6 

1960-67 3.1 1.01 — .30 53 7.6 

1960-67 2.5 1.00" —.18 .68* 5.0 —0.42 


* Significant at .05. 

** Significant at .O1, 

t Value of 1 for IAQ 1962-IQ 1967. 
Source: [1, pp. 3, 12]. 


wage rises in 1954~57 to wage rises in 1963— 
66 than did the invisible industries [3, p. 
900]. 

Perry admitted his classification of indus- 
tries by visibility was necessarily subjective 
because no objective measure was available. 
Two possible objective measures of visibility 
are the concentration ratio and the per- 
centage of workers unionized, The concentra- 
tion ratio might be the more relevant mea- 
sure for visibility with regard to the price 
guidepost while unionization is probably 
more relevant to the wage guidepost. If 
Lewis’ percentage of workers unionized 
[2, p. 274] had been used to classify manufac- 
turing industries with 50 percent being the 
dividing line, several industries in Perry’s 
list would have been reclassified—machin- 
ery, chemicals, and food to the invisible 
group and tobacco and apparel to the visible 
group. These shifts would have lowered the 
difference between the means of the ratios 
of wage rises in the two periods to near 
statistical insignificance (to around .10 level 
for the 1954-57 and 1963-66 ratio, for ex- 
ample). 

Implied in Perry’s visible-invisible test is 
the interesting assumption that wages in the 
visible industries would normally be expected 
to rise at a greater percentage rate than those 
in the invisible industries. Accordingly, the 
gap between wages in highly-unionized in- 
dustries and those in predominantly unor- 
ganized industries should widen contin- 
uously, except perhaps when guideposts are 





used. As Lewis pointed out, the union- 
nonunion wage gap has not shown any dis- 
cernible trend since 1919; at times it has 
narrowed and at other times it has widened 
[2, p. 207]. If the assumption about continual 
widening of the gap is replaced by the as- 
sumption that the size of the gap fluctuates 
about some normal level, then the difference 
between the 1954-57 and 1963-66 wage rises 
of the visible and invisible industries might 
be explained by the old regression fallacy 
argument: if variables are classified accord- 
ing to their departure from some normal in 
one time period, they are likely to show a 
shift toward normal in the next time period 
[4, pp. 258-63]. This argument can be ap- 
plied to Perry’s visible-invisible groups by 
observing how the ratios of the average 
wages of each group to the manufacturing 
average changed over time (basic data ob- 
tained from [7, pp. 148-49]). 


1954 1957 1963 1966 


1.117 1.122 1.137 1.125 
-853 .843 834.843 


Visible group 
Invisible group 


If the 1957 and 1966 indexes were judged 
about normal, the 1954-57 and 1963-66 
changes would be classified as movements 
from abnormal toward normal levels. 
Perry’s tests were all indirect or inferen- 
tial, One approach to more direct testing is to 
analyze data covering actual changes in 
wage rates to see if they show any indication 
of the impact of the guidepost. Since the aim 
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TABLE 2—PERCENTAGE FREQUENCY DISTRIBUTION OF WAGE CHANGES IN MANUFACTURING 





































































































1959-66 Percentage Change 
Year or 0.1- 1.0] 2| 3| 4| 5.0-| 6.0-] 7%] 8.0 |; 9% 
Period 0 0.9 1.9 2.9 3.9 5.9 6.9 7.9 8.9 9.9 10.0+ 
Union 

2 
1 
1 
1 
1 
1 
6 
3 
2 
1 
2 
1 
3 
2 














* 4% not specified or not computed. 
Source: [5] and [6]. 


of the guidepost policy was to persuade 
union-management wage negotiators to keep 
wage rises from exceeding 3.2 percent an- 
nually, evidence of success would be found 
in the behavior of wage-rate changes at, and 
above, 3.2 percent. The average, or mean 
change which Perry analyzed, is almost 
irrelevant. For example, if the mean change 
in the 1962—66 period was below some stan- 
dard only because there was a greater fre- 
quency of no-increase settlements, while the 
frequency of changes above 3.2 percent re- 
mained unaffected, the guidepost policy 
could hardly be given the credit. And yet, if 
the frequency of zero settlements declined 
and the mean was lower only because the 


right (upper) tail of the distribution of wage 
changes was truncated or cut off, then the 
guidepost policy should be given a great deal 
of credit. 

Frequency distributions of union and 
nonunion wage changes have been compiled 
by the Bureau of Labor Statistics since 1959 
and are presented in Table 2. These dis- 
tributions of wage changes are based on 
reports from manufacturing establishments 
employing 12 million production and related 
workers where general wage changes are 
made, Of these 12 million workers, 9.3 mil- 
lion are in establishments covered by union 
agreements. Excluded are 2.1 million non- 
union workers in plants where wage changes 
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are made only on an individual basis. In the 
table, column headings show wage changes 
in percent, ranging from zero, or no change, 
to 10 percent and above. Thus, reading the 
first row, 13 percent of union workers in 
manufacturing received no wage rise in 1959, 
11 percent received wage rises of less than 
one percent, etc. Averages for 1959-61 and 
1962-66 are presented for both union and 
nonunion distributions to permit ready com- 
parison of pre-guidepost experience with the 
results after guideposts were announced. 
There is a rich variety of information in 
these distributions and they could be ana- 
lyzed in several different ways, but the con- 
clusions appear quite simple and straight- 
forward. While there was a decline in the 
proportion of union settlements exceeding 
4 percent from a 1959-61 average of 26 per- 
cent to a 1962-66 average of 19 percent (see 
rows 4 and 5), this decline reflected a left- 
ward shift in the entire distribution. The 
zero settlement class rose from 14 to 21 per- 
cent and the 3.0-3.9 percent increase class, 
which should have risen if the guidepost re- 
duced the tail above 3.2 percent, actually 
declined from 31 to 23 percent. The non- 
union distributions verify the connection 
between the frequency of the zero settlement 
class and the frequency of the tail above 4 
percent—whenever the zero class increased, 
the above-4 tail decreased, and vice versa. 
Thus the guidepost did not have a noticeable 
effect on the distribution of wage settle- 
ments, and in particular, there was no un- 
usual bulge around 3.2 percent which would 
suggest that settlements which would other- 
wise have been made for increases above 3.2 
percent had been reduced to 3.2 percent. © 
An interesting sidelight to the wage guide- 
post is, that while almost all discussion has 
centered on its efficacy as a ceiling, it could 
equally well be considered a floor. Some em- 
. ployer representatives have complained that 
governmental emphasis on the sufficiency 
and justice of a 3.2 percent annual wage rise 
tended to prod unions into rejecting lower 
offers. If the guidepost had been followed 
exactly, all wage changes would have been 
for a 3.2 percent increase. The actual mean 
of union wage settlements in manufacturing 


for 1962-66 as calculated from Table 2 was 
only 2.6 percent on an annual basis. Thus, 
so far as the anti-inflationary purpose of 
guideposts is concerned, the less than 100 
percent adherence to the guidepost was a 
benefit on balance. 
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WAGES AND THE GUIDEPOSTS: 
COMMENT 


By Micwart L. WACHTER* 


In a recent article George Perry supports 
the efficacy of the guideposts policy [4]. The 
purpose of this note is to show that Perry’s 
choice of tests is arbitrary and that other 
explanations of the wage behavior of the 
1962-67 period do as well or better than the 
“guideposts hypothesis.” 

Perry draws his evidence from two sources. 
First, he uses a wage equation initially pre- 
sented in [3], to predict the wage changes for 
the guideposts period. He finds that the 


* The author is a PhD candidate at Harvard Uni- 
versity. He wishes to thank J. T. Dunlop, E. Kuh, O. 
Eckstein, L. Thurow, and F. Ripley for their helpful 
suggestions, ` 
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residuals after the second quarter of 1962 
are all negative, indicating that predicted 
wage changes are greater than actual wage 
changes. This line of evidence can be criti- 
cized on the grounds that it is not clear that 
negative residuals indicate the success of the 
guideposts policy. Furthermore, even if 
Perry’s test is correct, it can be shown that 
the forecasting equation is unstable and, 
related to this, that the long run of negative 
residuals is a statistical artifact. 

Second, Perry divides the two-digit indus- 
tries into “visible” industries (that is, those 
that are sensitive to the guideposts) and 
“invisible” industries. He finds that, al- 
though the wages for almost all industries 
increased at a slower rate during 1963-66 
than during 1954-57, the slowdown was 
greater for the visible industries. The major 
problem with this evidence is that the vis- 
ible~invisible classification matches too 
closely a division based on industry wage 
levels. This note will discuss the second point 
first and then analyze the stability proper- 
ties of Perry’s forecasting equation. 


I. Visible-Inotsible Argument 


The main thrust of Perry’s visible-in- 
visible hypothesis is that the guideposts had 
a discriminatory impact on the rate of 
growth of industry wages, slowing down the 
rate of increase of some, while having little 


or no restraining effect on others. The indus- 


tries classified as visible, however, have the 
common characteristic, among others, of 
relatively high wage levels. Therefore, it is 
possible that Perry’s results reflect changes 
in the industry wage structure that emanate 
from sources other than the guideposts. 

It has been suggested that from World 
War II until the late 1950’s the industrial 
wage structure readjusted to the compres- 
sion that occurred during the war. In fact, 
the coefficient of variation of the structure 
increased from .1293 in 1947 to .1857 in 1960. 
It then slowly retreated to .1812 in 1966.1 As 


1 The coefficient of variation given in the text is not 
weighted by the size of the industry. It is a simple 
average of hourly earnings in the twenty-one, two-digit 
industries. The data source is [8]. 

Note that this argument assumes that average hourly 
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a result, Perry’s RATIO variable (the ratio 
of wage change in 1954-57 to wage change in 
1963-66) reflects the fact that high wage 
industries were increasing their wages faster, 
during the 1950’s, than the low wage indus- 
tries and that this tendency did not continue 
into the 1960’s. 

To test this, I regressed the wage change 
ratio (RATIO), computed by Perry, on a 
dummy variable (DUM) that takes on the 
value one whenever the industry is visible 
and zero elsewhere, and on the 1956 wage 
level of the industry (W). 


RATIO = .969 + .003DUM + .023W 
(.04) (1.9) 


R = 45 


When DUM is dropped from the equation, 
the adjusted R? improves. 


(2) RATIO = .963 + .027W 
(4.1) 


The above indicates that the higher the 
wage level in 1956, the greater the slowdown 
in wage change. That is, any hypothesis that 
predicts a narrowing of the wage structure in 
the 1963-66 period, relative to the 1954-57 
period, will explain Perry’s RATIO variable 
better than a guideposts dummy variable.” 


(1) 


R? = .48 





earnings in the industries studied by Perry can be used 
as a proxy for wage rates. Evidence to support this 
position can be deduced from Throop’s results [6]. 
Throop regresses earnings on a skill mix variable. The 
coefficient of the skill mix variable is greater than one. 
This indicates that the higher the average hourly 
earnings, the greater the wage paid for equal skill. 

2 See [6] for an explanation of the behavior of the 
industry wage structure utilizing unions and changes in 
skill mix among industrics as the causal factors. In 
particular, the World War II compression of wages 
forced unions out of equilibrium with respect to the 
union-nonunion wage differential, with the result that 
the 1950s was a period of relatively large wage iu- 
creases in the extensively unionized, high wage, visible 
industries. A second explanation of industry wage 
structure behavior, based on the competitive hypoth- 
esis, is found in [5]. i 

To best explain these results in a guideposts context, 
the visible-invisible division may be discarded and 
reliance placed on the guideposts provision that “. . . in 
the interest of equity, wages of workers who are under- 
paid because of weak bargaining power (or other rea- 
sons) should rise faster than the average” [7, p. 121}. 
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TABLE l—SusrERIop REGRESSIONS 











Period Constant Ut C. Riı AR R D.W. 
1948-2 —15.8 31.1 .075 1.01 .800 .939 1.24 
1953-2 (6.2) (5.6) (0.7) (5.6) (4.0 
1953-3 —8.63 16.9 .326 .742 .600  .956 2.41 
1957-4 (8.4) (9.4) (3.7) (9.1) (2.2) 
1958-1 —3.29 56.4 .549 —.404 1.20 869 1.37 
1961-4 (2.8) (4.8) (6.1) (2.1) (7.4) 
1962-1 2.43 23.67 .566 —.564 .349 .731 1.51 
1967-2 (1.9) 2.3) 0.4 2.69 0.6 





Source: The data were provided by George de Menil, assistant professor of economics 
at Boston College. The data have been slightly revised since Perry’s work. 


I. Stability of the Forecasting Equation 


In order to test the success of the guide- 
posts policy, a model must be formulated to 
explain the mechanism through which the 
policy operates. Unfortunately, Perry is 
vague on this point. Implicit, however, in 
his choice of tests is the notion that the 
guideposts policy only shifts his forecasting 
equation. The equation is the following: 


W, = do + Ur! + a2C 1 
+ tR + GAR; - 


where W is the change in hourly earnings, 
U~ is the reciprocal of the unemployment 
rate, C is the percentage change in the cost 
of living and R is the profit rate.2 Equation 
(3) describes the wage determination process 
both before and after the initiation of the 
guideposts. The hypothesized impact of the 
policy is to shift the parameter values so 
that for given values of the explanatory 
variables, the post-1962 parameter structure 
would predict smaller wage changes than the 
pre-1962 structure. 

The Council’s phrasing of the policy sug- 
gests a different interpretation [7]. The goal 
of the policy is to render wage changes a 
function of the guideposts formula which, 
in turn, is based primarily on changes in 


(3) 


aggregate productivity. As a result, if . 


+ The particular method of constructing these vari- 
ables and the lags imposed on the equation are de- 
scribed in [3]. 


Perry’s hypothesis (that the guideposts 
policy is successful) is correct, then the 
major independent variable in a wage equa- 
tion, for the period 1962-67, should be 
changes in productivity. Thus in this inter- 
pretation of the manner in which the guide- 
posts work, equation (3) misspecifies the 
wage setting mechanism of the post-1962 
period, so that Perry’s negative residuals do 
not affirm the guideposts success. 

Assuming, however, that negative resid- 
uals are evidence of a successful guideposts 
policy, Perry’s results are still open to criti- 
cism. The forecasting equation is unstable 
and, related to this, the “unusually” long 
run of negative residuals beginning in 1962, 
is sensitive to the choice of period used to 
estimate the forecasting equation. 

A stable wage equation is important for 
Perry’s analysis. If a stable wage equation 
exists for the postwar period and then first 
shifts around 1962, it is more suggestive of a 
guideposts impact than if the equation shifts 
every few years (including 1962).4 

To test the stability of the equation, the 
period 1948-67 is divided into four subpe- 
riods. The results are given in Table 1. 

It is clear that parameter values for indi- 
vidual variables vary substantially among 
subperiods. Covariance tests also confirm 

t Perry discusses the possibility that his equation 
shifts after 1953-52 and after 1957-4 [3, pp. 70-79]. 
Various factors can be offered to explain, ex past, these 


shifts. See [1, pp. 139-41] for an explanation, without 
reference to the guideposts, af the shifts around 1962. 
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the fact that the parameter structure (all 
variables taken together) shifts among sub- 
periods.® 

It is interesting to note that none of the 
variables is significant in the last subperiod 
and the R? is at its lowest level. This could 
suggest that the guideposts policy has had a 
major impact on the wage setting mech- 
anism. However, the statistical fit of the 
Perry equation has been declining since the 
second period and the profit variable first 
appears with the wrong sign in the third 
subperiod.6 Furthermore a reason for the 
low T statistics for the explanatory variables 
in the last subperiod is an increase in multi- 
collinearity.” 

Perry’s residual analysis, that a long string 
of negative residuals begin with the inception 
of the guideposts, can also be questioned. 
First, long runs of residuals with the same 
sign are not an unexpected result of an auto- 
regressive scheme. (Note that the Durbin- 
Watson statistic for the period 1948-2 to 
1960-3 is only 1.2 [4, p. 898].) Second, it is 
not a fair test to compare residuals from a 
forecasted period with residuals occurring 
during the estimated period. An example of 
a more proper test is to estimate the Perry 
equation for the period ending 1957-4 and 
forecast the last two subperiods. The results 
are given in Table 2. 

The equation’s forecasts result in sixteen 


5 The calculated values of the covariance tests, for 
the three hypothesized shifts are respectively 2.94, 11.32 
and 7.37. The first is significant at the 95 percent level 
and the remaining two are significant at the 99 percent 
level, The data periods for the three tests are 1948-2 
through 1957-4, 1953-3 through 1961-4 and 1958-1 
through 1967-2. 

6 Another casualty of the subperiod analysis is the 
notion that the guideposts acted to shift the Phillips 
curve towards the origin. (The Phillips curve is derived 
from the Perry equation by setting AR and C_; equal 
to constants and plotting W as a function of the inter- 
cept and U~ for fixed values of R). First, the negative 
sign for R in the last two subperiods makes it im- 
possible to calculate the location of the Phillips curve 
for those periods. Second, the large variation in the 
value of the constant term and the coefficient for U~ 
render the Phillips curve highly unstable. 

1 The respective values, for the subperiod regressions, 
of the Chi-square statistic (derived from the deter- 
minant of the moment matrix) are 35.7, 14.5, 38.2 and 
115.5. See [2] for an explanation of the test. 


TABLE 2 











Period Residual Period Residual Period Residual 


1958-1 1.34 1961-1 1.10 1964-1 0.48 
2 1.93 ~ 2 2.33 2 —0.26 

3 2.15 3 2.59 3 —0.13 

4 2.34 4 2.59 4 —1.20 
1959-1 2.30 1962-1 2.17 1965-1 —1.20 
2 1.98 2 1.30 2 —1.12 

3 0.70 3 0.51 3 —1.96 

4 0.61 4 0.38 4 —1.57 
1960-1 1.31 1963-1 0.86 1966-1 —2.48 
2 0.79 2 0.77 2 —2.63 

3 1.91 1.14 3 —2.56 

4 1.80 4 0.90 4 —2.43 
1967-1 —1.50 

2 —1.00 





consecutive positive residuals for the third 
subperiod (1958-61). For the guideposts sub- 
period we find nine more consecutive posi- 
tive residuals and then thirteen negative 
ones. Thus, under a different specification of 
the time interval for estimation and for 
forecasting, the abnormally long run of 
consecutive negative residuals found by 
Perry, becomes shorter and is overshadowed 
by a longer string of positive residuals. Note 
that the residuals do not become negative 
until two years after the guideposts policy is 
initiated. 


TI. Summary 


The main point of this note is that Perry’s 
evidence in support of the guideposts is 
ambiguous. First, his visible-invisible classi- 
fication of industries conforms too closely to 
a high-low wage division to give supporting 
evidence of the impact of the guideposts. 
Second, the theory of how the guideposts 
operate, implicit in Perry’s analysis, is 
questioned. Third, his forecasting equation is 
unstable prior to 1962 so that a further shift 
in 1962 is not prima facie evidence in support 
of the guideposts hypothesis. Finally, the 
analysis of the residuals indicates that nega- 
tive values do not appear with the inception 
of the guideposts as claimed by Perry. 


358 THE AMERICAN ECONOMIC REVIEW 


REFERENCES 


1. O. ECKSTEIN, ‘Money Wage Determina- 
tion Revisited,” Rev. Econ. Siud., Apr. 
1968, 35, 133-144. 

2. D. E. FARRER ane R. R. GLAUBER, “Mul- 
ticollonearity in Regression Analysis: The 
Problem Revisited,” Rev. Econ. Stat., 
Feb. 1967, 49, 92-107. 

3. G. L. PERRY, Unemployment, Money 
Wage Rates and Inflation. Cambridge 
1966. 

4, —_————-, “Wages and the Guide- 
posts,’ Am. Econ. Rev., Sept. 1967, 57, 
897-904. 

5. M. W. Rever, “Wage Differentials: 
Theory and Measurement,” Aspects of 
Labor Economics, Universities—N ational 
Bureau Conference Series, Princeton 1962. 

6. A. W. Troop, “The Union-Nonunion 
Wage Differential and Cost-Push In- 
flation,” Am. Econ. Rev., Mar. 1968, 58, 
79-99. 

7. Economic Report of the President, January 
1967, Washington 1962. 

8. U.S. DEPARTMENT oF LABOR, Bureau of 
Labor Statistics, Employment and Earn- 
ings for the Untied States, 1909-66, Bull. 
No. 1312-5. Washington 1967. 


WAGES AND THE GUIDEPOSTS: 
COMMENT 


By Adrian W. Throop* 


In a recent contribution to this Review 
[7], George Perry brings to light two pieces of 
evidence which, while admittedly not con- 
clusive, seem to suggest that the guideposts 
have significantly slowed the pace of money 
wage increases. The purpose of this note is to 
provide an alternative interpretation of the 
evidence and to offer a more adequate test of 
the impact of the guideposts. 

Perry found that after the guideposts were 
made known, the rate of change of manu- 
facturing money wages fell consistently be- 
low what would have been predicted by a re- 


* The author is assistant professor of economics at 
Dartmouth College. He wishes to acknowledge his 
indebtedness to Colin D. Campbell, Martin Segal, and 
a referee for valuable comments. 


gression equation based on postwar quarterly 
data.! He showed moreover that after the 
guideposts were introduced wage changes 
were significantly less for industries appar- 
ently subject to guidepost pressures. 

Perry consulted some experts to separate 
two-digit manufacturing industries into those 
in which settlements are highly visible, and 
therefore potentially subject to guidepost 
pressure, and others. Besides having settle- 
ments which are widely publicized, however, 
the visible industries also have a high pro- 
portion of union members and a large num- 
ber of relatively skilled workers. These latter 
characteristics could have caused the wage 
behavior which Perry attributes to the guide- 
posts. 

As I have argued elsewhere [11], there are 
good reasons for believing that organized 
labor was in disequilibrium with respect to its 
relative wage at the beginning of the 1950's, 
The disequilibrium was caused by the rapid 
growth of union membership which took 
place in the early 1940’s, during wartime 
wage controls, and by a relative rigidity of 
union wages during the large and unexpected 
demand inflation which followed. In the 
fifties, as unions were making the adjustment 
towards an equilibrium, nonunion wages 
advanced at a normal rate in relation to the 
level of unemployment, but union wages rose 
faster; therefore, the Phillips curve was 
shifted upward while this adjustment was 
being made. 

The wage-push inflation would have ended 


1 Otto Eckstein [3], using a model [4] which employs 
observations on wage rounds instead of quarterly ob- 
servations, has obtained results which are similar to 
Perry’s. Eckstein’s model predicts a 6.5 percent annual 
rate of increase of money wages in durable goods in- 
dustries for the 1963-66 wage round, compared with an 
actual rate of 2.7 percent. A partial explanation of the 
deflection of wage increases from the expected path has 
been offered by Simler and Tella (9]. They take account 
of demographic changes in the sixties which appear to 
have lowered reported unemployment relative to the 
amount of available labor reserves. An adjustment of 
the Perry and Eckstein equations to correct for the 
movement of unreported labor reserves reduces, but 
does not eliminate, the gap between predicted and 
actual wage values, however. There is still room for 
additional explanations running in terms of the guide- 
posts and/or other hypotheses. For fuller treatment of 
this last point, see Eckstein [3] and Sheahan [8, Ch. 7]. 
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once unions obtained an equilibrium relative 


wage for their members. Unions appear to 
have done so by 1958, on the average. How- 
ever, the adjustment of unions was not a 
continuous one; in the fifties the union- 
nonunion wage differential widened mainly 
during years of high employment when the 
bargaining power of unions was the greatest 
[11, pp. 95-6]. A difference in the behavior of 
union wages would not, therefore, be observ- 
able until another period of high employment 
such as that which occurred subsequent to 
the announcement of the guideposts. On this 
interpretation, the relatively less inflationary 
movement of the wages of visible industries 
after the guideposts, compared with before, 
would be explained by the fact that these 
industries are highly unionized. And the over- 
prediction by Perry’s regression equation of 
wage changes in manufacturing after the 
guideposts would be the natural consequence 
of a completion of the union adjustment. 

There is another reason for expecting a 
weaker response of wages in visible industries 
to labor market conditions in the sixties than 
in the period before the guideposts. Skill 
differentials were no longer widening after 
the guideposts as they had been in the fifties. 
This would have slowed wage changes in 
visible industries, whose workers are more 
highly skilled, relative to those in the earlier 
period. 

In Section I a modified version of the 
model discussed in [11] is used to measure the 
behavior of the union-nonunion wage differ- 
ential during the 1960’s. This model is then 
employed in Section Hf as a framework for 
testing the impact of the guideposts on 
wages. Observations are made on Perry’s 
grouping of visible and invisible industries 
as well as on an alternative grouping. Finally, 
Section III contains some concluding com- 
ments on guidepost policy. ` 


‘L A Dynamic Model of Wage Structure 
The earlier model utilized an index of 


2 For example, the ratio of the median annual earn- 
ings of male operatives to that of male laborers rose 
from 1.48 to 1.66 between 1950 and 1960, but remained 
at 1.65 in 1966, Similarly, the median annual earnings 
of male craftsmen relative to laborers climbed from 
1.84 in 1950 to 2.11 in 1960, and then fell to 2.02 in 1966. 


industry skill level to remove the influence 
of variations in skill mix and changes in 
occupational wage differentials from move- 
ments in average hourly earnings, before test- 
ing for the effect of unionism in the 1950’s, 
This index of skill level was constructed for 
each census industry by weighting the cur- 
rent median annual earnings of various sex- 
occupational groups throughout the economy 
by their relative employments in the in- 
dustry. Since data on industry employment 
by occupation come from the Census of 
Population, the change in this exact index 
during the 1960’s obviously cannot be com- 
puted until after the 1970 Census. But a close 
approximation to it is possible. 

The earlier index of industry skill level was 


defined for a census industry as 
nay 
1 S= s Wy; 
O S= Litas 
where 


a;=number of workers of the ith sex- 
occupational group employed by the 
industry, 

E£=total number of production or non- 
supervisory workers employed by the 
industry, 

w;=median annual earnings of workers in 
the ith sex-occupational classification 
throughout the economy. 


In Table 1 the change in this index between 
1950 and 1960 is decomposed for census 
industries in the previous sample according 
to the formula 


(2) AS = 2 wAla/E] + > Aw,{a,/E] 


i=] 


+ >D Aw;A[as/E]. 
tel 
The first term is the amount of change which 
is directly due to changes in the industry’s 
sex-occupational mix. The second is the 
change directly attributable to changes in 
median sex-occupational earnings, And the 
third consists of the interaction between 
these factors. The calculations demonstrate 
that changes in indexes of skill level in the 
1950’s were almost entirely dominated by 
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TABLE 1—ComPoNENTS IN PERCENT OF THE CHANGE IN THE INDEX OF SKILL LEVEL: 

















1950 ro 1960 
Changes in ; 
the indus- Changes in Interaction . 
Industry Changes due to: | try’s sex- median aR between the 
occupational occupatio: two factors* 
ee earnings* 

Wholesale Trade 1.1 98.0 9 
Retail Trade —2.3 105.7 —3.4 
Metal Mining 2.0 96.7 1.3 
Bituminous Coal Mining 2.5 95.9 1.6 ` 
Crude Petroleum and Natural Gas 1.1 98.2 7 
Quarrying and Nonmetallic Mining 1.3 97.7 1.0. 
Contract Construction A 99.0 6 
Lumber and Wood Products 2.8 94.1 3.1 
Furniture and Fixtures — 4 100.4 0.0 
Stone, Clay, and Glass Products 3.4 92.9 3.7 
Primary Metals ; 2.3 95.1 2.6 
Fabricated Metal Products 2.3 95.4 2.3 
Machinery s5 98.7 8 
Electrical Equipment 8 98.3 9 
Transportation Equipment 2.2 95.7 2.1 
Food and Kindred Products 2.2 95.1 2.7 
Tobacco Manufactures 7.4 86.6 6.0 
Textile Mill Products 4 99.3 3 
Apparel and Related Products —5.2 109.7 —4.5 
Paper and Allied Products 2.7 95.3 2.0 
Printing, Publishing, and Allied Industries —1.1 101.7 — .6 
Chemicals and Allied Products 4.4 91.2 4.4 
Petroleum and Related Products 3.4 93.0 3.6 
Rubber and Plastic Products — 8 101.1 — .3 
Leather and Leather Products —3.7 107.2 —3.5 


* For precise definition, see equation (2) in text. 


variations in median sex-occupational earn- 
ings. Sex-occupational mixes were subject to 
only gradual change; the change in mix ac- 
counts for only 7 percent of the total change 
in the index even in the most extreme case. 
Thus, a good approximation to the change in 
an industry’s index of skill level is obtained 
by simply weighting changes in median sex- 
occupational earnings by the industry’s 
sex-occupational mix as of the nearest census 
date. This is the procedure which was 
adopted; we refer to this measure as the 
modified index of industry skill level. 

The wage equation previously estimated 
for 1950-60 [11, Table 2] is? 


3 Numbers in parentheses are standard errors of the 
regression coefficients. The symbol* or ** indicates a 
significant ¢ statistic at the 5 or 1 percent level of 
significance on the basis of a single-tailed test. 

The symbol * or * on an Æ denotes that it is sig- 


(3) W=—.714+ 1.855 + .129U 
(.281)** (.0549)* 


+ 128LS 
(.0292)** 


R: = .721** D, = .0590 D.W. = 2.706** 


where 


W =percentage change in average hourly 
earnings in a census industry, 
=percentage change in index of skill 
level for production or nonsuper- 
visory workers in a census industry, 
U=proportion of a census industry’s 
production or nonsupervisory work- . 





nificantly different from zero at the level of 5 or 1 per- 
cent by the F-ratio test. The same notation on a Dur- 
bin-Watson statistic denotes that the null hypothesis 
of residual independence cannot be rejected at a 5 or 2 
percent level of significance with a two-tailed test. 
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ers that is covered by collective bar- 
gaining agreements, 

LS =an index of labor supply which varies 
with the rate of change of employ- 
ment and an estimated elasticity of 
labor supply. 


The coefficient of U in this equation is the 
estimated increase in the union-nonunion 
wage differential during the fifties.‘ When 


‘Only a slightly better fit is obtained if allowance is 
made for the effects of a pattern among certain major 
settlements in the durable goods industries. This wage 
pattern tended to produce conformity in cents-per-hour 
changes in the union wage rates of affected industries. 
Among industries influenced by the pattern, the degree 
of unionization ought to be more closely related to 
cents-per-hour than to percentage changes in wages. 
In our earlier study, cents-per-hour changes in wages 
were regressed on the absolute change in the index of 
skill level, the degree of unionization, and the labor 
supply index multiplied by initial average earnings in 
an attempt to determine how strong the effects of the 
pattern were. It is apparent, however, that this pro- 
cedure leads to a biased estimate of the coefficient of 
U due to a specification error. The relationship between 
W and S$ in our basic model is nonlinear. A nonlinear 
relation between AW and AS is imped also; and 
therefore; forcing the equation into linear form biases 
the estimated coefficient of U. 

A more satisfactory approach is the following. In 
industries affected by the cents-per-hour wage pattern, 
the percentage change in average earnings due to 
unionism should be linearly related to U/W rather than 
to U. Since random forces automatically tend to pro- 
duce a negative correlation between W and W, however, 
an estimate of the initial wage should be substituted for 
W; this is derived from [11, Table 1]. Assuming that the 
average change in the union-nonunion wage differential 
within the pattern is the same as outside it, the ap- 
propriate unionization variable for industries outside 
the pattern is the degree of unionization divided by the 
average of estimated wages within the pattern, The 
resulting equation is f 


W = — .726 + 1.855 + 22.3U/Ŵ + 130LS 
(.270)** (8.4) (.0285)** 


Ri = 73 5, =.05733 D.W. = 2.65**, 


where U/W is the proportion of workers that is covered 
by collective bargaining agreements divided by either 
a) estimated average earnings in the case of pattern 
affected industries, or b) the average of the estimated 
average earnings in the pattern in the case of other 
industries. A 

The coefficient of U/W is an estimate of the cents- 
per-hour wage increase due to unionism which was 
experienced within the pattern. A value of 22.3 cents 
is consistent with the previously estimated 12.9 per- 
cent increase in the union-nonunion wage differential. 
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an estimation of this model was attempted 
for 1962-66, a period after the guideposts, 
the coefficient of the percentage change in 
the modified index of industry skill level 
became insignificantly negative. This poor 
showing was due partly to the fact that there 
is little variance in either changes in earnings 
or changes in skill level during the 1960's. 
Probably of greater importance was the 
relatively high unemployment in the early 
sixties, which seems to have weakened the 
relationship between industry earnings and 
skill level enough to deprive the model of 
any explanatory power. To get around this 
difficulty, the period was lengthened to 
1957-66, a span whose terminal years are 
both ones of high employment. It is possible 
to draw some significant inferences about the 
impact of the guideposts on wages from the 
results. 

Using the modified index of industry skill 
level, the estimated parameters of the model 
for 1957-66 are’ 


(4) W = — .0725 + 1.0115 — .0188U 


(.714)  (.0379) 
+ .0500LS 
(.0345) 
R = .234* 5, = 0417 DW. = 1.715**. 


Nevertheless, the improvement in the corrected R? is 
minimal. While there is convincing evidence of an in- 
terindustry wage pattern among certain major settle- 
ments in durables during the fifties, diffusion to other 
bargains within each two digit classification seems to 
have been very limited indeed. The choice of industries 
assumed to have been affected by the pattern was based 
on Maher [6], They are primary metals, fabricated metal 
products, machinery, electrical machinery, transporta- 
tion equipment, food and kindred products, rubber and 
plastic products, petroleum and related products, and 
stone, clay, and glass products. 

5 The sample is the same as in [11] except that ob- 
servations on contract construction and tobacco manu- 
factures were omitted because of exceedingly large 
residuals. Published figures on straight time average 
hourly earnings had become available for the manu- 
facturing industries in the sample. For others, use was 
made of BLS adjustment factors [13] for eliminating 
premium overtime from average hourly earnings. 
Sources of the employment and wage data are [16] and 
[17]. Median annual sex-occupational earnings for 1957 
and 1966 were taken from [15], while 1960 employment 
weights for the modified index of industry skill level 
are from [14]. Otherwise sources and definitions are the 
same as in [11]. 
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There is a suggestion of a small decline in 
the union-nonunion wage differential, a 
possibility which will be considered again. 
The corrected R? is considerably below that 
for the data of the 1950’s, though still sig- 
nificant. As is well known, R*’s fall if the 
variance of the dependent variable is re- 
duced while the distribution of the error 
term remains unchanged. This is the nature 
of the present situation. The standard devia- 
tion of the percentage change in average 
earnings is 10.6 for 1950-60, but only 4.6 in 
1957-66. Still, the ratio of the standard 
error of the regression to the mean of the 
dependent variable is about the same, at .133 
in 1957-66 versus .105 in 1950-60. There- 
fore, the estimates of the model’s parameters 
for the new period are probably about as 
good as it is possible to obtain. 


Il. A Test of the Impact 
of the Guideposts 


The wage equation estimated for 1957-66 
permits us to predict what would have 
happened to the wages of various industries 
in the absence of the guideposts. A com- 
parison of predicted with actual values 
should reveal the depressing influence of the 
guideposts on the wages of Perry’s visible 
industries if there is any. A more powerful 
test statistically would be to include in the 

, wage equation a dummy variable distin- 
guishing between visible and invisible in- 
dustries. This procedure would not allow 
many degrees of freedom if applied to Perry’s 
grouping because Perry’s sample is consider- 
ably smaller than ours. The significance of 
such a dummy variable for an alternative 
grouping is reported, below. 

As shown in Table 2, only half of Perry’s 
visible industries have negative residuals.® 
This should not be very surprising even to 
someone who believes that the guideposts 
did. perhaps influence some settlements. 
Perry defines visible industries as those which 
are susceptible to the. enforcement of the 
guideposts. Though all of Perry’s visible 
industries may have been equally susceptible 


6 Exactly the same industries have negative residuals 
if the insignificant degree of unionization variable is 
dropped from equation (4). 


to guidepost pressure because of their 
prominence in the economy, Administration 
efforts to enforce the guideposts no doubt 
fell. short of applying equal pressure to all. 
And as everyone knows, the Administration 
was much more successful in getting ad- 
herence to the guideposts in some settle- 
ments (e.g. steel and the merchant marine) 
than in others (e.g. automobiles, airline 
machinists, and the New York subways). 
Thus, to test for the effect of the guideposts, 
those industries and bargains which are 
highly visible and in which there also appears 
to have been at least a partially successful 
enforcement of the guideposts ought to be 
separated from the rest. 

My colleague, Martin Segal, qualifies as 
an expert witness on these matters, having 
served on the senior staff of the Council of 
Economic Advisers following the announce- 
ment of the guideposts. Before the residuals 
from equation (4) were computed, he was 
asked to pick out the industries that he felt 
had actually been affected by the guide- 
posts. He named only four out of twenty- 
three in the sample. They are primary 
metals, electrical equipment, petroleum and 
coal products, and rubber and plastic prod- 
ucts; all are visible in Perry’s sense. Negotia- 
tions in steel were pushed to a conclusion in 
the White House, and import competition 
may also have affected wages in primary 
metals. Segal points out that in the case of 
electrical equipment, and perhaps to a lesser 
degree in the other two industries, manage- 
ment seems to have been influenced by the 
philosophy of the guideposts. As it happens, 
all four of these industries have negative 
residuals, showing that wages rose less than 
would have been predicted by conditions of 
labor supply and the movement of occupa- 
tional earnings. There is only about a 6 per- 
cent probability that all four of the residuals 
could have been negative by chance.” | 

Next, a dummy variable with a value of 

1 The calculation assumes that the signs of the re- 
siduals in Segal’s group of affected industries have a 
binomial distribution with equal probabilities under 
the null hypothesis of randomness, This assumption 
holds only approximately, however, because the prob- 


abilities are not exactly equal and successive trials are 
not strictly independent in smal] samples. 





COMMUNICATIONS 363 


TABLE 2—RESIDUALS FROM Equation (4) 














Negative Residual . Positive Residual 
Perry , 
Visible Group Primary Metals Fabricated Metal Products 
Electrical Equipment Machinery 
Petroleum and Related Transporation Equipment 
Products Chemicals and Allied Products 


Rubber and Plastic Products 


Invisible Group Lumber and Wood Products Stone, Clay, and Glass Products 


Furniture and Fixtures Textile Mill Products 
Leather and Leather Products Paper and Allied Products 
Segal 
Affected Group Primary Metals None 


Electrical Equipment 
Petroleum and Related Products 
Rubber and Plastic Products 


Unaffected Group Wholesale Trade Retail Trade 

Bituminous Coal Mining Metal Mining 

a Crude Petroleum and Natural Quarrying and Nonmetallic 
~ Gas Mining 
Lumber and Wood Products Stone, Clay, and Glass Products 
Furniture and Fixtures Fabricated Metal Products 
Apparel and Related Products Machinery 
Leather and Leather Products Transportation Equipment 

: Food and Kindred Products 
Textile Mill Products 


Paper and Allied Products 

Printing, Publishing, and Allied 
Industries 

Chémicals and Allied Products 








one for the four industries picked by Segal 
and zero for others was added to equation 
(4). As shown in equations (5) and (6), its 
coefficient turns out to be significantly 
negative at an acceptable confidence level. 
The guideposts are estimated to have reduced 
the rate of advance of money wages in 
affected industries by about 4 percent in 
1957-66, or about 1 percent per year during 
the period of the guideposts themselves.® 


8 Presumably, the guideposts primarily influenced 
the wages of union workers in each of the affected census 
industries. If so, a better dummy variable would be 
one taking on values equal to the degree of unionization 
(U) in the affected industries and zero otherwise. This 
dummy variable was in fact tested. Unfortunately, 
however, the values of U in the four affected industries 
are so similar that it is impossible to choose statistically 
between this dummy and the simpler one reported on 
in the text. Note, however, that the figure of 4 percent 


Interestingly enough, out of the four indus- 
tries which are visible in Perry’s sense but 
unaffected by the guideposts according to 
Segal, only one has a residual that is nega- 
tive.® Visibility of the bargain seems to be a 
necessary but not a sufficient condition for 
wages to have been slowed by the guideposts. 
There is now a measured increase of about 
1 percent in the union-nonunion wage differ- 
ential although it is clearly not significantly 
different from zero; and in any case it does 
not at all compare with the 12 percent in- 
crease estimated for the 1950’s. Thus, the 








refers to the impact of the guideposts on average earn- 
ings in the affected census industries. The reduction in 
the rate of increase of union wages would be higher than 
that on the above assumption, at 4.8 percent. 

* Exactly the same industries have negative residuals 
in equation (5) as in equation (6). 
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relatively moderate wage behavior of recent 
years appears to be connected with the lack 
of a continued growth in the differential 
between union and nonunion wages, some- 
thing which is quite likely to have happened 
even without the guideposts. 


(5) W = — .0726 + .983S + .00986U 
(.676)  (.0392) 


+ .0574LS — .0426D 
(.0329)*  (.0237)* 


R? = .315** 5, = 0394 D.W. = 1.627** 


(6) W = — .0649 + .9785 + .0543LS 
(.659)  (.0230)* 


— .0403D 
(.0212)* 


Rt = .348** S, = .0384 DW. = 1.617** 


IH. Comments on Guidepost Policy 


It has been shown that the impact of the 
guideposts on wages may easily be mis- 
judged because the natural conclusion of a 
temporary wage-push inflation was about 
due by the time the guideposts were an- 
nounced. While the guideposts do seem to 
have affected some visible settlements, it is 
probably only coincidental that union wages, 
in general, ceased to grow relative to non- 
union wages after the guideposts. 

The completion of a temporary profit- 
push inflation raises a similar difficulty in 
evaluating the influence of the guideposts on 
prices. Leonard Weiss [12] recently demon- 
strated the existence of significant increases 
in the markups of concentrated industries 
from 1953 to 1959, with no tendency for 
either a reversal or further upward move- 
ment in them during 1958-63. He explains 
this markup inflation as a deferral of some of 
the earlier demand inflation? Robert Solow 
[10] has confirmed the expected macroeco- 
nomic implication of Weiss’ observations—a 
slower rate of increase of wholesale prices in 
the 1960’s relative to changes in unit costs 
and the degree of capacity utilization than in 


10 See also Adelman (2) and Friedman [5, pp. 228-29]. 


the 1950’s. Perhaps the guideposts should be 
given partial credit for preventing further 
increases in the markups of concentrated 
industries. On the other hand, the search of 
oligopolists for optimum prices had doubt- 
lessly about run its course by the time of the 
guideposts. 

The logic underlying the guideposts seems 
to be that in a high employment economy the 
monopoly power of labor and business gen- 
erally tends to cause income claims to exceed 
the total value of output and so gives rise 
to a continuing inflationary spiral [1] [10]. 
The alternative view that income claims of 
monopolists may create a temporary, but 
not a permanent, inflationary bias at high 
employment is consistent with the evidence 
presented here. Since economic groups with- 
out market power are defenseless against a 
redistribution of income unfavorable to 
themselves, monopolists may always increase 
the relative price of their output if they 
think it is in their interest to do so. But the 
resulting cost-push inflation is basically a 
sectoral phenomenon which must eventually 
end of its own accord when monopolists 
reach an equilibrium. The irony of guidepost 
policy is the fact that postwar wage-push 
and profit-push pressures probably were 
already on the wane before the implementa- 
tion of the guideposts. 
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WAGES AND THE GUIDEPOSTS: 
REPLY 


By GEORGE L. PErry* 


The comments in the three papers by 
Anderson, Throop and Wachter all, to some 


* The author is professor of economics at the Univer- 
sity of Minnesota. He is grateful to Edward M. Foster 
for his comments on this paper, 


degree, criticize the evidence I presented on 
the effectiveness of guideposts [3]. All offer 
some evidence of their own which, with the 
partial exception of Throop’s, aim to show 
the superiority of a nonguidepost explana- 
tion of recent wage behavior. 

In the original paper, I went to some pains 
to describe my analysis as highly suggestive 
rather than conclusive and volunteered that 
some other explanation might be found to 
fit the facts better. Yet, after considering the 
criticisms in these papers and looking at two 
more years of wage behavior in light of the 
original analysis, I find myself about as 


persuaded as before that guideposts had a 


noticeable effect. The criticisms were not 
unanticipated; on.close inspection, the new 
evidence offered does not seem to me to 
dominate the old; and more recent data 
seem to support further the original guide- 
post hypothesis. 


Alternative Explanations of 
Relative Wages 


Anderson notes that, in place of the 


industry breakdown chosen by my guidepost 


experts, a strict unionization breakdown 
would weaken the reported results. Of course 
it would, the more so the more accurate my 
classification is. I was aware of the existence 
of unionization (and industrial concentra- 
tion) measures, but suspected the experts 
could make a more realistic division than 
some arbitrary weighting of such factors 
would provide. To be of any use, I (through 
the experts) had to divide the industries 
before looking at the data, and I never looked 
back. Now I am glad to see Anderson’s 
findings confirm their choices, 

Throop’s paper presents the most elab- 
orate model of an alternative hypothesis to 
guideposts, at the same time concluding there 
are some guidepost effects. He also notes that 
the visible industries are among the more 
unionized, and argues the mid-1950’s were a 
period of catch-up for union wages. If so, and 
if this catch-up had been completed, a rela- 
tive slowdown (higher wage-change ratio) 
would be expected for visible industries in 
the next high-employment period. But if 
this, rather than guideposts, were really the 
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‘dominant influence, an industry-split by 
unionization would work better. than the 
visible-invisible split, and Anderson tells us 
it does not. In addition, note that while 
Throop’s hypothesis would predict a higher 
wage-change ratio as I have defined it, it 
would not predict slower growth in wages 
during the mid-1960’s for visible compared to 
invisible industries. Yet wage increases were 
noticeably slower in the visible group. 

Throop’s second argument is that the 
visible industries, on average, employ more 
highly skilled workers; that skill differentials 
in the wage structure, which had widened in 
the mid-1950’s, had stopped widening and, 
indeed, were narrowing by: the mid-1960’s; 
and that this accounts for a good part of the 
wage behavior in visible industries without 
recourse to a guidepost explanation. 

How much is lost hère by circular reason- 
ing? Throop clearly identifies the visibles as 
high skill industries. Using his equation to 
explain wage changes by industry, he finds a 
residual implying a guidepost effect in only 4 
of the 9 visible industries once the narrowing 
skill differential in wages is accounted for. 
But he fails to consider whether guideposts 
helped narrow the differential itself through 
their effect on wages in the visible (skilled) 
industries. If guideposts had a differential 
effect and the correlation between skilled 
and affected industries were high enough, all 
the guidepost impact would appear in the 
variable Throop takes as independent and 
there would be no pattern at all to- his 
residuals. 

There are some other questions about the 
equation Throop uses to search for guidepost 
residuals. Of the three explanatory variables 
from his original equations fitted to 1950-60 
data, the two for unionization and labor 
market tightness are unimportant in the 
1957-66 equation. he uses here. Something 
was going on to change things this sharply. 
Not only may guidepost effects be buried in 
the skill-wage variable as just noted, they 
may also get lost in changing the coefficient 
estimates for a period that includes them, 

1 [3, p. 901] where I note the average annual increase 


in visibles from 1963 to 1966 was 2.9 percent compared 
with 3.8 percent in invisibles. 


particularly in an equation whose indepen- 
dent variables could be expected to be cor- 
related with guidepost activity. Although it 
would still miss the possible impact of guide- 
posts on the skill-wage variable, it might 
have been instructive to project wage 
changes in the guidepost period from the 
1950—60 equation and see how forecast errors 
matched up with the visibility criterion. 
Throop does not report on this. 

Wachter offers wage levels as an alterna- 
tive to the visible-invisible categories . for 
explaining relative wage movements. Wage 
levels are closely linked to skill-mix and 
unionization, and indeed, Wachter justifies 
their use by reference to Throop’s earlier 
study [4]. So the preceding remarks apply 
here as well. But I must also comment on 
the ‘specific statistical evidence Wachter 
presents. In a cross~section regression ex- 
plaining my wage-change ratios by using 
industry wage levels and a dummy variable 
when an industry is. classified as visible, 
Wachter reports the adjusted R? rises slightly 
when the dummy variable for visible indus- 
tries is dropped. He does not report the result 
of dropping the wage-level variable instead. 
But, in any. case, this kind of R? comparison 
is just not meaningful when a dummy 
variable is used as a proxy. The division into 
visibles and invisibles was a rough attempt 
to get at one dimension of the guidepost 
experience—the extent to which individual 
industries were directly. affected by the 
government’s concern. No doubt a correct 
list, if it were known to us, would be one 
weighted by degree of “visibility” rather 
than simply a two-way classification. When 
Wachter restricts only my variable and not 
his to a two-way classification, he may come 
out better. Who knows which would look 
better if they were both fully arithmetic 
indices? 

If I restrict Wachter’s wage level criteria 
to a two-way classification, it comes out 
worse than the two-way visible-invisible 
breakdown implied by the’ guidepost hy- 
pothesis. Two visible industries (rubber and 
plastics and electrical equipment) have 
wage levels (1966 data) below two invisible 
industries (paper and stone, clay, glass). 
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Switching these, so that the visible group is 
changed to the nine industries with highest 
wage levels, weakens the explanatory power 
of the two-way classification? 

Finally, I would like to make a general 
comment on the methodology of all these 
arguments. With each of these attempts to 
substitute another explanation for guide- 
posts-—whether special forces associated with 
unionization, skill-wage differentials or wage 
levels—there exists a logical problem in 
identifying when the proposed special forces 
ceased to operate. They cannot be identified 
by looking at relative wage behavior in the 
1960’s, as is implicitly done, because that 
behavior may well have been the result of 
guideposts. Thus Anderson’s table showing 
the ratio of visible and invisible industry 
wages to the all manufacturing average can 
more easily be viewed as a vivid illustration of 
what guideposts did than as an illustration of 
why a guidepost explanation is not needed. 
The same can be said of the coefficient of 
variation of the wage structure presented by 
Wachter and the observed behavior of the 
skill-wage differential noted by Throop. Nor 
is the intuition much guide as to when a 
particular wage will start marching in step 
with the average, witness the continuing 
surge in construction wages. As Throop 
points out, historically the observed catch- 
ups occurred during high employment 
periods, so that a respite after the mid- 
1950’s would itself offer no evidence that an 
equilibrium had been reached. 

This is not to say these alternative hy- 
potheses could not be true, only that this 
kind of argument is more attractive the less 
it depends on actual wage developments in 
the 1960’s to predict wage developments in 
the 1960’s. Forecasting relative wage move- 
ments by using plausible a priori alternatives 
to the visible-invisible industry split gets at 
this indirectly. The evidence that has been 
presented is hardly decisive in favor of the 
alternatives. Finally, as I mentioned earlier, 
even if one had a firm hypothesis from other 


2 The two being dropped have wage ratios of 1.018 
and 1.201; the two being added both have 1.015 ratios. 
All data are from [3, p. 900] Table 2, using the ratios 


| for three-year periods. 
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evidence that some sort of catch-up was 
completed in the mid-1950’s, it would still 
not predict the'slower growth of wages in 
visibles relative to invisibles that occurred i in 
the 1960’s, 


The Distribution of Wage Changes 


Anderson’s statistics on the frequency 
distribution of wage changes bring a new 
kind of data to the question. Unfortunately, 
they are not “simple and straightforward” 
to interpret as he says. The increased per- 
centage of workers with zero wage change in 
the 1962-66 period is the basis for his con- 
clusion that guideposts were not the re- 
sponsible factor in the wage moderation that 
occurred. But these data exclude all fringe 
benefits. The Steelworkers, for example, got 
only fringes in both 1962 and 1963. They are 


in the zero column, but I would not conclude 


from that that guideposts were obviously 
not a factor in their settlement. On Ander- 
son’s interpretation, why is there no rise in 
the 0.1 to 1.9 percent increase range, but 
only. in the zero column? 

While we cannot distribute the value of 
fringes in the same way as wages, we can 
correct Anderson’s interpretation of the 
bulge in the zero column. As one might guess, 
it turns out to reflect a shift to all fringe 
settlements by some unions. The big shift in 
Anderson’s table occurs after 1961. Quoting 
from the U.S. Department of Labor, “... 
whereas in 1961 only one-fourth of those em- 
ployed where wage rates were unchanged 
were affected by changes in supplementary 
benefits, the corresponding proportion in 
1962 was almost one-half...” [5, p. 4]. And 
again, with respect to 1963 labor market 
developments, “Where wages were left 
unchanged, liberalization in fringes affected 
55 percent of the workers,...” [6, p. 6]. 
The data referred to include nonunion estab- 
lishments in which wages did not change, 
but the statistics are dominated by union 
contracts. For all workers employed where 
wage decisions were reached in the year 


? Fringes are a problem for any analysis of wages. 
However, the problem seems greatest when trying to 
draw the kind of inference Anderson does about the 
zero column, 
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(which includes virtually all nonunion 
establishments) the proportion of decisions 
involving neither wage nor fringe increases 
can be calculated from available statistics. 
In contrast to Anderson’s zero column show- 
ing a rise from 14 percent to 21 percent be- 
tween 1959-61 and 1962-66, the proportion 
of workers receiving neither wage nor fringe 
adjustments falls from 14 percent in 1959- 
61 to 11 percent in 1962-66.4 

With the zero column accounted for, the 
behavior of the crucial 2 percent to 5 per- 
cent increase columns in Anderson’s table 
looks entirely consistent with a guidepost 
explanation. One cannot be sure, because 
there is no knowing how much fringes do to 
comparisons of those columns. But there is 
some margin of safety for my conjecture if 
one believes, as I do, that there are underly- 
ing determinants of wage change which 
would have normally produced a substantial 
rightward shift in the frequency distribution 
rather than the shift left that is observed. 

I cannot agree with the assertions by 
Anderson and Wachter that the guideposts, 
if followed, would have put all wage settle- 
ments at 3.2 percent. In theory, the guide- 
posts were concerned with the average rate 
of wage increase and explicitly did not dis- 
turb the distribution around the average 
[2, pp. 185-90]. In practice, the attempt was 
to moderate increases that threatened to be 
excessive by the standards of the theory as 
those standards could be applied in indi- 
vidual cases. 


The Aggregate Wage Equation 


I can only offer a few, rather imprecise, 
words in reply to the concern shown by 
Anderson and Wachter over the significance 
of the underpredictions in the aggregate wage 
equation. I have long been unhappy that 
the equation’s residuals displayed consider- 


4 Data are from [1, p. 43] and Table 4 in annual issues 
of [5]. Anderson appears to have used the less relevant 
concept of “wage changes effective,’ which includes 
wage changes based on decisions reached in earlier 
years, rather than the “wage decisions reached” statistic 
used here. Because of this, and because the fringe data 
cannot be allocated to union and nonunion workers 
separately, the absolute percentages for different years 
are not directly comparable with Anderson’s. 


able serial correlation and that the equation 
did not yield stable estimates over various 
short periods to which it might be fit. But 
I know of no better one. The relevant lag 
structure is no doubt more complex than in 
the equation. And the highly uneven inci- 
dence of major wage negotiations, together 
with the occasional existence of long-term 
settlements that make some wage changes a 
function of economic conditions considerably 
earlier, defy precise expression in an aggre- 
gate wage equation. Thus estimating over 
short periods will give predictably nonsense 
results. But over a sufficiently long period, 
we can hope to capture something like 
average estimates. From the nature of things, 
I have always preferred my 1947-60 equa- 
tion over others fitted to shorter periods; 
and, in the paper being discussed, relied on 
the wage-change ratios covering three years 
in preference to those covering only a year 
or two. 

When Anderson experiments with dummy 
variables by trying them for a large number 
of five year periods in the twenty-year inter- 
val 1948-67, he ignores the a priori aspect 
of the guidepost test. If a man told me the 
next five cards in a deck would be black and 
they were, I would think he knew something, 
even if I found a couple of other five card 
runs when I ran through the whole deck 
myself. 

At that, Anderson finds a dummy signifi- 
cant for only one other period, 1956-60.5 
There probably is something unexpected 
about the late 1950’s and early 1960’s—I 
would guess a protracted effect from the 
inflation of the mid-1950’s together with a 
possible tendency for positive residuals im- 
mediately after recessions, which show up 
both in 1958 and 1961. Wachter’s forecasts 
from an equation fitted through 1957 are 
more disturbing in this respect. However, 
his equation is also subject to the criticism of 
ex post reasoning. He ends his regression 
period just when positive residuals are start- 


ë The dummy for 1956-60 is positive. If a negative 
dummy really belonged in the guidepost period, omit- 
ting it would bias the rest of the period toward accepting 
a positive dummy variable, which raises further doubts 
on the significance of Anderson’s manipulations, , 
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ing in the longer period equation. I believe 
1948 to 1957 is a bad period for a regression, 
being dominated by the rapid wage increases 
of the post war, Korean, and mid-1950 infla- 
tions and attributing too much of the wage 
increase to variation in the independent 
variables. I would have guessed this equation 
would under-predict wage changes consis- 
tently in a typical projection period. If so, 
the substantial drop in Wachter’s forecast 
error, occurring in 1962, is more to the point 
than the fact the residuals remained slightly 
positive into 1964. 

I should also clarify how I would read the 
results presented in the original paper since 
interpreting them is relevant to the criti- 
cisms and to some updated results presented 
below. The pattern of residuals from the 
aggregate wage-change equation would only 
gradually reflect the guideposts for two rea- 
sons: First, even if guideposts had a full 
effect from the start, they would show up 
gradually in the residuals from an aggregate 
wage equation as the fraction of all wages 
negotiated since their introduction rose from 
zero to one. If all wages were negotiated 
within a year, the full effect would be visible 
in the residuals after a year since the inde- 
pendent variable spans four quarters, Second, 
guidepost activities clearly were pursued 
with greater frequency and intensity during 
1964-66 than during the preceding or follow- 
ing years. Together with the first reason for 
expecting a lag in the residual pattern, this 
leads us to expect increasingly negative 
residuals from 1964 to 1966; and with guide- 
posts largely abandoned after that, gradually 
less-negative residuals thereafter. In evaluat- 
ing the evidence of the residuals, these a 
priori expectations are important, though 
they are largely ignored in the criticisms that 
were made. 


Recent Evidence: The End of Guideposts 


My continued suspicion that guideposts 
affected recent wage behavior is supported 
by updating some of the results of the earlier 
paper. Table 1 brings the evidence of the 
residuals up to date. After 1966, when guide- 
posts effectively expired, the residuals grad- 
ually return to insignificance, just as the 


Taste 1—ActoaL Minus ESTIMATED PERCENTAGE 
WAGE RATE CHANGES 











Year-Quarter From 1947-60 Equation! 
1962-1 : 0.84 
-2 0.07 
-3 - —0.52 
4 —0.71 
1963-1 —0.97 
-2 —0.37 
-3 —0.19 
4 —0.18 
1964-1 —0.27 
-2 —0.77 
-3 —0.73 
-4 —1.72 
1965-1 —1.68 
-2 —1.63 
-3 —2.41 
4 —1.61 
1966-1 —2.36 
-2 —2.75 
-3 —2.63 
-4 —2.39 
1967-1 ~1.55 
-2 —0.94 
-3 —0.51 
~4 —0.59 
1968-1 +0.22 
-2 +0.53 
-3 —0.18 


s W, = — 4.313 + 0.3671 + 14.71107 
(0.054) (2.188) 


+ 0.424Re.1 + 0.792AR:, 
(0.068) (0.176) 


W is the percentage change in straight time hourly 
eamings over the past year in manufacturing 

Ċ is the percentage change in the Consumer Price 
Index over the year 

U~ is the reciprocal of the percentage unemployment 
rate over the year 

Ris the average profit rate in manufacturing over the 
year (after tax profits as a percentage of equity) 

AR is the quarterly first difference in R 


R? = .88 


Standard errors of coefficient estimates appear in 
parenthesis. 


guidepost hypothesis would predict. This 
behavior is not predicted by any alternative 
hypothesis. 
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TAX POLICY AND INVESTMENT 
BEHAVIOR: COMMENT 


By Ropert M. CorEn* 


In their recent study of tax incentives for 
investment, Robert E. Hall and Dale W. 
Jorgenson [6] report results which indicate 
that accelerated depreciation and the invest- 
ment tax credit have been quite effective in 
stimulating capital expenditures in manu- 
facturing, According to their model, the 
demand for capital depends, among other 
things, on an implicit rental price of capital 
which is partially determined by tax policy. 
Tax incentives influence the demand for 
capital solely through their effects on its 
rental price Hence, the crucial parameter in 
assessing the effects of tax policy is the price 
elasticity of the demand for capital. But, 
instead of presenting empirical estimates of 
this parameter, Hall and Jorgenson have 
imposed a unitary price elasticity by employ- 
ing a Cobb-Douglas production function in 
their derivation of the demand function for 
capital. Part I of this note shows, using their 


* The author is a member of the faculty at Stanford 
University and is grateful to Charles R. Blitzer for 
computational assistance and to Bert G. Hickman and 
Robert Eisner for helpful comments on earlier drafts of 
this note. 


own development of the theory and nearly 
identical data, that the price elasticity of 
demand estimated from the data is consider- 
ably below unity and that their estimates of 
the effects of tax policy are therefore much 
too high. 

A second and perhaps more fundamental 
shortcoming of the Hall-Jorgenson study is 
that their procedure for calculating tax 
policy effects is not consistent with the 
theoretical development of their model. The 
model is based on the notion that a profit 
maximizing firm follows a special iterative 
decision process in which output happens to 
be a predetermined variable for the capital 
stock decision in any given period. This 
legitimizes their inclusion of output for 
estimation purposes as a determinant of the 
demand for capital, although it does not 
seem to me to be a rationalization of the 
acceleration principle, as Hall and Jorgen- 
son [6, p. 392] and Jorgenson [7, pp. 40-41] 
have contended. While output may be pre- 
determined for the capital stock decision, it 
is not an exogenous variable for a profit 
maximizing firm. Like labor input and capi- 
tal stock, output is a decision variable, and 
its profit maximizing value depends on rela- 
tive prices, including the implicit rental 
price of capital. In calculating the effects 
of tax policy, Hall and Jorgenson have, how- 
ever, treated output as though it were an 
exogenous variable and ignored the effects 
of policy—-induced changes in the rental price 
of capital on the firm’s rate of output, thus 
violating the logic of their model. 

This criticism should not be confused with 
another seemingly similar criticism that is 
applicable to all econometric studies of the 
effects of tax incentives for investment ex- 
cept that of Klein and Taubman [11], 
namely, that a single equation model cannot 
take account of the multiplier effects of 
investment generated by tax incentives. 
Higher investment means higher output, 
and higher output will in turn generate more 
investment: The reciprocal relation between 
investment and output cannot be ignored at 
the economy wide level, nor even at the level 
of certain industry aggregates, such as manu- 
facturing; but it can generally be ignored at 
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the level of the firm. What cannot be ignored 
at the level of the firm is the fact that a fall 
in the price of a factor of production will, 
celeris poribus, usually increase a firm’s 
profit maximizing level of output. It is this 
type of output response that Hall and Jor- 
genson have overlooked. 

Part IT of this note elucidates the Hall- 
Jorgenson model and indicates the correct 
way of calculating effects of tax policy in 
that model. The magnitude of the errors 
committed by Hall and Jorgenson in cal- 
culating these effects cannot be assessed, 
however, without further extensive work 
with their model. It may be that the errors 
are small, but I will have to leave the burden 
of proof with them. 


I. The Elasticity of Substitution and 
the Effects of Tax Policy 


As Jorgenson [7], [8], [9] has shown, a com- 
petitive firm wishing to maximize its net 
worth should equate the marginal product 
of capital to the real rental price of capital, 
c/p, where c is the implicit rental price of 
capital (what Jorgenson originally referred 
to as the “user cost of capital”) and p is the 
price of output. Much of the novelty of Hall 
and Jorgenson’s work centers on the defini- 
tion of c, which is shown to depend on tax 
policy| They assume that the production 


1The rental price measure adopted by Hall and 
Jorgenson is not the same as that used by Jorgenson [7] 
[8] and Jorgenson and Stephenson [10]. Jorgenson’s 
original expression for the rental price [8, p. 249] was not 
an appropriate one for studying depreciation policy in 
the United States. It was correct only for the special 
case in which (a) the depreciation formula is of the de- 
clining balance form with a depreciation rate equal to 
the true economic depreciation rate and (b) policy 
makers stipulate that the depreciable base of acquisi- 
tions is a proportion v of their cost. A change in v would 
not change the timing of depreciation charges, but 
rather the total amount of the write off. This limitation 
of Jorgenson’s formulation and the rental price measures 
relevant to U. S. experience were set forth in a paper en- 
titled “Accelerated Depreciation, The Investment Tax 
Credit, and Investment Decisions,” which I delivered 
at the December 1965 meetings of the Econometric 
Society. The rental price measure employed by Hall 
and Jorgenson corresponds to the one I have recom- 
mended, : 

There is an error in their formula for the present 
value of declining balance depreciation. The undepre- 
ciated balance at the point r* is e“@*)r+, not 1-¢-@/nr+, 


function is Cobb-Douglas with an elasticity 
of output with respect to capital equal to a. 
Thus the marginal product of capital can be 
expressed as aQ/K, where Q is output and K 
is capital stock; and upon equating this to 
the real rental price of capital, they obtain 
the expression for the desired level of capital 
stock 


(1) K* = alp/c)Q. 


It is well known that the elasticity of sub- 
stitution in the Cobb-Douglas relation is 
equal to unity. Since the substitutability of 
capital and labor is an important determi- 
nant of the sensitivity of the demand for 
capital to changes in the rental price of 
capital, it hardly seems reasonable arbitrar- 
ily to assign the elasticity a value of unity—I 
say arbitrarily because no justification is 
given in their paper.? 

An alternative to the Cobb-Douglas speci- 
fication is the constant-elasticity-of-substi- 
tution (CES) production function,’ which 
for two factors of production, capital and 
labor, constant returns to scale, and suitable 
choice of a unit of measurement for output 
can be written as 


(2) Q = [BK Ye + (1 — B)L@-Vie}oi(o-1), 


where L is labor input, 8 is a constant, and 
o is the elasticity of substitution. Differen- 
tiating (2) partially with respect to K, equat- 
ing the derivative to c/p, and solving for K, 
we have 


(3) K* = 6*(p/c)°0. 


Thus, the demand function for capital de- 


rived from the CES relation is of the same 
form as that derived from the Cobb-Douglas 
relation, except that the elasticity of sub- 
stitution enters as an exponent on the rela- 
tive price term. If the elasticity were zero, 
relative prices would not appear in (3); and 
since tax policy influences investment through 


2 Hall and Jorgenson actually assume a three factor 
Cobb-Douglas relation, which means that they must 
justify the assumption that the elasticity of substitu- 
tion between any two of the factors—labor, equipment, 
and structures—is unity. 

3 This function was first derived by Arrow, Chenery, 
Minhas, and Solow [1] and by Brown and de Cani [2]. 
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(4) Q = [bz + Bake 





its effects on c, there would be no investment 
response to changes in tax policy, according 
to the Hall-Jorgenson argument. If the 
elasticity is assumed to be unity, the results 
obtained can scarcely be regarded as an 
empirical test of the effectiveness of tax 
policy. The elasticity should be estimated, 
or compelling reasons should be given for 
assigning it a value of unity (or some other 
value). Evidence on the value of the elastic- 
ity is certainly very mixed; after an exhaus- 
tive examination of the evidence on the 
elasticity of substitution between capital 
and labor, Nerlove concluded that, “The 
major finding of this survey is the diversity 
of the results: Even slight variations in the 
period or concepts tend to produce drasti- 
cally different estimates of the elasticity” 
[12, p. 58]. 

One way of determining the value of ø is 
to reestimate the Hall-Jorgenson model 
using (3) instead of (1) as the demand func- 
tion for capital. Two problems are en- 
countered, however. First, the least-squares 
estimating equations will be nonlinear in o. 
Rather than carry out the difficult task of 
nonlinear estimation, I adopted a screening 
process to determine the value of o; that is 
to say, I prespecified alternative values of c, 
estimated the investment functions for each 
value, and examined the estimated equations 
to determine which value gave the best fit. 
The second problem is that there is no ob- 
vious generalization of the CES function for 
more than two factors. Hall and Jorgenson 
estimated separate investment relations for 
equipment and structures, even though they 
did not explicitly derive separate demand 
functions for each factor. It so happens that 
with the Cobb-Douglas assumption, the 
demand functions are related to (1) in a 
simple way; œ should be replaced by the 
elasticity of output with respect to equip- 
ment (structures), ¢ should be replaced by 
the rental price of equipment (structures), 
and everything else remains the same. 

I have adopted a convenient but highly 
restrictive generalization of the CES func- 
tion, namely (4). 


(e-1) fe 
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where Kz is the stock of equipment, Kg is 
the stock of structures, and the §’s are con- 
stants. According to this formulation, the 
elasticity of substitution between any two 
factors is the same and is equal to e.t The 
demand functions derived from this form of 
the CES function are 


(5) Ka = 65(b/cx) O 
and 
(6) Kz = Bs(p/cs)'Q, 


where cg and cg are, respectively, the rental 
price of equipment and the rental price of 
structures. In addition to estimating invest- 
ment relations for equipment and structures 
separately, I have estimated a relation for 
total investment based on the demand func- 
tion (3) with c= (1.5cg+cs)/2.5. The weights 
used in this expression for ¢ are those sug- 
gested by the capital stock data in the Hall- 
Jorgenson paper. 

The estimated relations, which are of the 
form 


(7) Ny = AK, + q AK + aia + en 


where N is net investment expenditures, 
AK*=K?—K;.,, and e is a random distur- 
bance, are presented in Table 1, along with 
the relevant Hall-Jorgenson estimates for 
comparison. The trial values of o ranged 
from 0 to 2 in increments of 0.2.5 The data 
I have used differ in two respects from the 
Hall-Jorgenson data: First, I used real gross 
product originating in manufacturing as an 
estimate of Q, and the implicit price deflator 


4 This generalization of the CES function has been 
suggested by Uzawa [14]. A less restrictive, but in some 
cases empirically manageable generalization is the so- 
called two-level CES function proposed by Sato [13]. If 
Jagged adjustment is present, however, the strong 
separability of Sato’s function—which so greatly simpli- 
fies its estimation—is lost, unless the adjustment rate 
for each factor is the same. ; 

* Table 1 presents results only for values of « between 
0 and 1.2. For values of ø above 1.2, the uncorrected R? 
for the equipment regression fell steadily to .006 when 
o was 2; that for structures remained negative; and that 
for equipment and structures combined fell steadily to 
105. 
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TABLE 1—Net INVESTMENT REGRESSIONS N;=6,AKj+4,AK;_1+a:¥iiter 
WHERE K=p" (i/c) Qe 
Annual data: 1951-63 











as 


d: 


a 


a 


â: 


R 





A. Equipment 


0.6 


0240 
(.0108) 


.0290 
(.0118) 


6003 
(.1416) 


-282 


0.6 


.0099 
(0044) 


-0130 
(.0040) 


7253 
(.1065) 


183 


019 


C. Equipment and Structures 


0.0 0.2 0.4 
.0732 .0522 .0358 
(.0259)  (.0192) (0144) 
.0704 .0543 .0403 
(.0266)  (.0202)  (.0154) 
6413 .6162 6035 
(1309)  (.1325) (1365) 
1331 343 322 
.198 .212 .187 
0.0 0.2 0.4 
.0384 .0275 .0175 
(.0127)  (.0087)  (.0062) 
.0308 .0260 0192 
(.0127) (.0084)  (.0058) 
-1537 7201 7121 
(.1076) (101 (1019) 
.138 .258 .263 
.000 110 116 
0.0 0.2 0.4 
.1093 .0769 .0512 
(.0306)  (.0227) ~—-(.0171) 
.0960 .0756 .0568 
(.0313)  (.0233) —-(.0176) 
1173 .6896 .6743 
(.0989) (1004) (1048) 
ATS 484 456 
.370 .381 347 





= Annual data: 1931-41 and 1950-63 


0.6 


.0327 
(.0130) 


0.8 


0203 
(.0097) 


1.0 


.0105 
(.0061) 


.0144 
(.0067) 


.6108 
(.1512) 


184 


.020 


0123 
(.0072) 


0210 
(.0075) 


6801 
(.1215) 


-290 
.148 


.0074 
(.0053) 


0148 
(.0055) 


-6896 
(.1255) 


. 240 
.087 
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for gross product originating as an estimate ` TABLE she aa NÈ ATTRIBUTABLE 
ae a TO Tax INCENTIVES 
of pï whereas they used value added at (billions of 1954 dollars) 


factor cost as an estimate of pQ. The change 
of variables was necessitated by the fact 











. : A. Equi t 
that to fit the equations derived from the TRS 
CES function, I had to split off the p from Hall-Jorgenson Coen 
the Ọ, and I did not have a deflator for value Year c=1.0 c=1.0 og=0.2 
added. Second, I did not have data on gross 1954 418 332 125 
product originating for the prewar years and 1955 . 680 . 704 .218 
therefore used only postwar observations 1956 .480 .493 . 146 
(1951-63), whereas Hall and Jorgenson 1957 -305 312 -090 
: 1958 154 .162 .045 
used both prewar and postwar observations 1959 124 105 032 
(1931-41 and 1950-63). 1960 133 137 039 
Several properties of the estimates should 1961 .089 .100 064 
be noted. First, the best fits are obtained for 1962 a -665 -276 
values of the elasticity of substitution con- 130% 1:258 1.230 (333 
z 4 : Total 4.462 4,297 1.428 
siderably below unity, 0.2 for equipment, 
0.4 for structures, and 0.2 for equipment and B. Structures 
structures.” Second, the parameter estimates 
obtained when o is unity are very close to y Pal Soren i Ka S 
those reported by Hall and Jorgenson, which = ' sae Aa 
indicates that my use of a shorter sample 1954 .189 .133 135 
period does not make much difference, that 1955 434 404 264 
g 1956 .367 .353 .203 
is, the relation proposed by Hall and Jor- 1957 358 "248 138 
genson does seem to be a stable one. Finally, 1958 186 185 .089 
the fits obtained to the postwar data are 1959 .169 .160 .074 
much poorer than those reported by Hall 1960 -190 -186 -080 
1961 .154 -159 -061 
and Jorgenson for the prewar and postwar 1962 127 130 056 
data. Indeed, the poor explanation of post- 1963 425 127 063 
Total 2.199 2.085 1.163 
tI want to thank Gary Fromm and the Brookings 
Econometric Model Project for supplying me with these C. Equipment and Structures 
data. 
T Because of the discrete nature of the trial values, Hall- Coen* Coen? 
these are not precise estimates of o. Inspection of the Jorgenson* 
R”s in Table 1 suggests that best fits might be obtained Year o=1.0 o=1.0 o=0.2 o=1.0 o=0.2 
for values of g less than .2 for equipment and for equip- for 
ment and structures and less than .4 for structures. equip. 
The results reported above corroborate those of o=0.4 
Eisner and Nadiri [5] who have tested the basic Jor- for 
‘genson investment model with quarterly data differing struct. 
in several respects from that used here. Their tests also . 
differ from my own in that they estimated the elasticity 1954 .607 4650 .260 460 19 
of K* with respect to Q, while I constrained this elastic- 1955 1.114 1.105 .482 1.165 .344 
ity to be unity, and they experimented with alternative 1956 .847 .846 349 .900 = .254 
lag distributions, Their best fitting regressions for 1957 .563 .560 .228  .605 4 
manufacturing plant and equipment expenditures gave 1958  .340  .347  .134 .379 .105 
estimated elasticities of K* with respect to p/c and Q 1959 .293 .265 .106 274.081 
equal to .1576 and .8158 respectively [5, Table 2}. 1960 .323 .323 119 324 .084 
č Since these regression lines are forced to pass 1961 243 259 125 251 061 
through the origin, it is possible for the uncorrected R? 1962 .948  .795 «332. 733 . 253 
to be negative, as in the structures regressions reported 1963 1,383 1.417 .456 1.511  .403 


in Table 1. What this means is that over the sample Total 6.661 6.382 2.591 6.602 1.953 
period the variance of the dependent variable about its SS SSS 
mean is smaller than its variance around the regression a Sum of separate estimates 

line, which would seem to indicate that the omission b Overall estimates 
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(13) ba 
(14) 





war investment suggests that the model is 
faulty or incomplete.’ 

Table 2 presents estimates of investment 
attributable to tax incentives from the Hall- 
Jorgenson relations, from my relations as- 
suming that o equals one, and from my rela- 
tions assuming that o is equal to the value 
that gives the best fit to the data. The figures 
are obtained in the following way: Let č be 
the rental ptice of capital that would have 


| prevailed in the absence of tax policy 


changes. If tax policy had not changed, the 
desired capital stock would have been 


(8) RE = po (p/) Qu 


and the change in investment resulting from 
tax policy changes is 


— Ñ, = (AK? — AR?) 
(9) + @(AKi1 — AR) 
+ 3(N ya — Nii). 


This is not the correct way of calculating the 
effects of tax policy in the Hall-Jorgenson 
model, as I will show in Part II. It is, how- 
ever, the procedure which they followed, and 
I want my results at this stage to be com- 
parable with their estimates. 

On the basis of the relations that best fit 
the data (and that do not arbitrarily assume 
that o is one), one can hardly conclude that 
“tax policy is highly effective in changing 
the level and timing of investment expendi- 
tures” [6, p. 392]. Hall and Jorgenson esti- 
mate that tax incentives increased net ex- 


penditures on equipment and structures in 





of the constant term is a misspecification. Inclusion of a 
constant term in these relations did not improve thet 
fit greatly. 

? An important determinant of the uncorrected R's 
in these relations is the correlation between W, and 
Ni. The simple correlation between equipment ex- 
penditures and lagged equipment expenditures, for 
example, is .51 for the period fitted by Hall and Jorgen- 
son; however, this correlation is only .23 for the 1931-41 
period and .17 for the 1951-63 period which I fitted. 
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= AHUA [g p/w) o 10-28) [a(p/¢) [al d-e-), 


K* = AUA [g( p/w) A al/a, 





manufacturing by $6.7 billion (1954 dollars) 
over the 1954-63 period; but for e=0.2, 
which is the value giving the best fit for 
equipment and structures combined, Table 
2 reveals that tax policy increased invest- 
ment by only $2.0 billion. By assuming that 
o is unity, Hall and Jorgenson have greatly 
exaggerated the impact of tax policy. 


Il. Neoclassical Theory and the Estimation 
of Tax Policy Effects 


A full understanding of the Hall-Jorgenson 
model requires careful examination of the 
neoclassical theory of the firm. Consider a 
competitive firm that produces output ac- 
cording to the production function 
Q=f(L, K) and faces prices p, w, and c for 
Q, L, and K, respectively (c is, of course, an 
implicit rental price). To maximize profits, 
the firm should equate the marginal product 
of each factor to its real price: 


ô w 
(10) maa P 

ðQ c 
GD) Ok F . 


Equations (10) and (11) form a determinate 
system (given proper curvature conditions 
on the function f) which can be solved for 
the optimum labor and capital inputs, i.e., 
for the demand functions for labor and capi- 
tal. Let us assume that the production func- 
tion is Cobb-Douglas with diminishing re- 
turns to scale: 


Q = ALK”, œ, ß, 4A >0, 
O0<at6<1. 

The simultaneous solution of (10) and (11) 

then yields (13) and (14), L* and K* being 


(12) 


18 Jorgenson explicitly assumes diminishing returns 
in [7, p. 53]. With constant returns, the optimum labor 
and capital inputs would be either zero or infinite. 
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(15) Q* = AYA p p/w) eA alpe] o, 
K* = alp/Q* = a(p/) ADe w) D] alpo] 


(17) 





the optimum inputs of labor and capital.! 
These are the neoclassical demand functions 
for this problem, and it should be noted that 
they contain only relative prices as argu- 
ments. Substituting L* and K* into the 
production function we obtain (15), that is, 
desired output is also a function of relative 
prices. 

A test of neoclassical theory in its simplest 
form would employ (14) as the demand 
function for capital. As we have already seen, 
however, Hall and Jorgenson do not use (14); 
they instead substitute an expression for the 
marginal product of capital into (11), solve 
for K, and write 


(16) K* = a(/c)Q. 


What is missing in this equation is a * on Q; 
output is a decision variable for the firm, 
and equation (16) with Q replaced by Q* is a 
valid relation between desired capital stock 
and desired output. It should be written as 
(17), which is exactly the same as equation 
(14). 

Equation (16), in which Q is actual output, 
may legitimately be used in estimating an 
investment function if one is willing to make 
either of two assumptions. First, it could be 
assumed that the firm goes through the fol- 
lowing iterative decision process. Each 
period the firm selects the rates of output 
and labor input that maximize profits, taking 
capital stock as fixed at the level on hand at 
the beginning of the period. The short run 
profit maximizing rate of output is then 
inserted into (16) to determine the desired 
stock of capital. Jorgenson [7, p. 53] [8, p. 249] 
has appealed to this iterative process to 
justify the treatment of output as a prede- 
termined variable for the capital stock de- 
cision. Thus, the entrepreneur does not 
simply set L, K, and Q at the levels given by 





(20b) K: = alpi/ c) A 


= All(-e-8)[8( p/w) |8/-=-8) [a(p JA] A-a-8) 





1/(1-8) 
[ 


B(p./w:) 


(13), (14), and (15); and his groping for the 
full, profit maximizing solution leads to the 
inclusion of actual output in the demand 
function for capital. This process might well 
be an accurate description of entrepreneurial 
decision making, but to claim that the argu- 
ment is a rationalization of the acceleration 
principle is certainly misleading and can 
readily cause confusion. With output in the 
demand function, and with the label “flexible 
acceleration principle” attached to the de- 
mand function, one can easily slip into the 
mistaken practice of treating output as an 
exogenous variable rather than a prede- 
termined variable. This is the slip that Hall 
and Jorgenson have committed in calculating 
the effects of tax policy. In adopting (16) as 
the demand function and ignoring the de- 
pendence of Q on c, they take the elasticity 
of K* with respect to c to be —1, when in 
fact itis —(1—8)/(1—a—§), as we see from 
(14). With decreasing returns to scale, the 
expression ({—8)/(1—a—f) is greater than 
one; hence, it appears that Hall and Jorgen- 
son would understate the response of K* to 
changes in c. 

To see how tax policy effects should be 
computed in their model, let us derive the 
demand function for capital appropriate to 
the iterative process just described. Suppose 
the capital stock on hand at the beginning of 
period ż is K:—ı. Solving (10) and (12) for the 
profit maximizing levels of labor input and 
output in period t, we obtain 

aj (1-8) 


(18) L: = [AB(p./w.) Ria 
(19) Q = A” at m Re 


ee 


and the desired capital stock is 


(20a) Ki = api/cr)Qu, 
which may be written as (20b). 


eo a / (1—8) 


Kin 
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Suppose that a tax policy change occurs 
in period 7, and let %, =r, r+1,--+, be 
the rental price of capital that would have 
prevailed had there been no policy change. 
Hall and Jorgenson calculate the change in 
the desired capital stock attributable to the 
policy change as 


K; — Ki = a pi/c,) 01 — a(pi/2) Or 
(21) = ap.0,[(1/c.) — (1/20), 
t=7,r+1,---, 


that is to say, they assume that Q in the 
demand function is not affected by the 
change in the rental price c. But this is true 
only for period 7. From (19) we see that 
0,41 depends on K;; and since K, is affected 
by the change in the rental price, so is Q,+1. 
In the absence of the policy change, and 
assuming for convenience that there are no 
lags in the investment process, output in 
period r+ 1 would have been 


Oras = AUOD Bhra w1) PO 
a/ (1—8) 


T 


= AUCA [Bpr wr) [2/0 
: [a(p,/2,)O,|e/0-, 


and the effect of tax policy on the desired 
stock of capital in period r-+1 is given by 


(22) 


Koya — Kri 
= a(pryr/ Crp) Org — lpr 1/41) Or 
= apral (1/4) — (1/č41)] 

F aprir — Org1)/r41- 


Thus, we see that Hall and Jorgenson would 
underestimate the effect of tax policy in 
period r+1 by the amount af,41(Qr11— Or41) 
/@41. A similar argument applies to each 
succeeding period, It is obviously impossible 
to carry out these calculations for the Hall- 
Jorgenson model, since we do not have esti- 
mates of all the parameters in (19). We would 
either have to estimate (19) or use (20b) in- 
stead of (20a) as the demand function for 
capital in estimating the investment func- 
tion. Equation (20b) could be used recur- 
sively to estimate tax policy effects, that is, 


(23) 


1/(1-8) 8/(1-8) 
[ ] 


Š, = alpı/ Č) A 


a] (1-8) 
il 


B(p:/w) 


(24) 


t=77r7rt+i,--:. 


A second, more straightforward assump- 
tion that would justify using (16) in estimat- 
ing the investment function, is that actual 
output is always equal to desired output. If 
this is the case, it is again clear that Hall and 
Jorgenson have incorrectly estimated the 
effects of tax policy, since they have not 
taken account of the effect of a change in 
the rental price of capital on desired output, 
as given by (15). As long as output is not 
an exogenous variable for the firm, a change 
in the rental price of capital will bring about 
a change in output. 

This criticism of the Hall-Jorgenson pro- 
cedure can perhaps be appreciated best by 
considering the way in which they estimate 
the impact of the 1962 depreciation guide- 
lines and investment tax credit. They state 
that, “The effects of the depreciation guide- 
lines of 1962 are significant, but these effects 
are confined to investment in equipment” 
{6, p. 413]; and with regard to the investment 
credit, they state that “... the impact is 
limited to equipment” [6, p. 410]. What 
these statements mean is that according to 
their mistaken way of calculating the impact 
of tax policy, investment in structures was 
not affected by these policies. The (stock) 
demand function for structures in the model 
is 


(25) ~ Kg = as(/cs)Q, 


where æg is the elasticity of output with re- 
spect to the stock of structures. The 1962 tax 
policy changes affected only the rental price 
of equipment, cg. Since cg does not appear in 
(25), and since Q is (mistakenly) treated as 
exogenous, Hall and Jorgenson conclude 
that the 1962 policy changes did not affect 
investment in structures. But the neoclassi- 
cal demand function for structures would 
include all prices—+, w, cs, and cg—as argu- 
ments, just as the demand for capital in the 
two factor case is a function of p, w, and c. 
A fall in cg ceteris paribus, would on the one 
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hand decrease the demand for structures, 
since equipment and structures are sub- 
stitutable inputs according to the Cobb- 
Douglas specification; on the other hand it 
would increase the demand for structures 
since the profit maximizing level of output 
would be higher, requiring a larger stock of 
structures. For the Cobb-Douglas case with 
decreasing returns to scale, the scale effect 
exceeds the substitution effect; a fall in cg 
will increase the demand for structures." 
Hall and Jorgenson proceeded as if the elas- 
ticity of demand for structures with respect to 
the user cost of equipment is zero, not on 
the basis of empirical evidence, but because 
they misunderstand the meaning of their 
demand function. The output variable in 
(25) depends on cg, among other variables, 
and their error again lies in treating Q as 
though it were exogenous. 

Once it is clearly understood that output 
is an endogenous variable for the firm, it is 
easy to see that the price of output that the 
firm faces is likely to be affected by a change 
in the rental price of capital. If each firm in 
the industry increases its output (supply) 
in response to a fall in the rental price, there 
would be excess supply of the commodity 
and its price p would begin to fall. What this 
means is that the actual percentage increase 
in the firm’s capital stock given a one percent 
fall in the rental price of capital is likely to 
be smaller than (1—8)/(1—a—8), the elas- 
ticity given by (14) which is based on the 
assumption that c can be varied without 
changing p. In developing the theory of the 
firm, we assume for convenience that p is 
not affected by changes in c; but to maintain 
this assumption in analyzing actual market 
data, as Hall and Jorgenson have, is cer- 
tainly unwarranted. 

There may be rationalizations for the 
inclusion of output as an exogenous variable 
in the demand function for capital; but if 
output is exogenous, the firm’s decision must 
be formulated as a cost, minimization prob- 


u ff the production function is Q=A L°K8RF with 
A,aB,y>0 and 0<a+f8+y7<1, the elasticity of de- 
mand for structures with respect to the rental price of 
equipment is ~8/(1—a—S—¥). Since 8/(1-a~—f—7) 
is positive, a fall in the rental price of equipment must 
increase the demand for structures. 


lem, not as a profit maximization problem, 
and the appropriate factor demand functions 
would not be those used by Hall and Jorgen- 
son or those given above for the CES case.” 
I have argued this point elsewhere and have 
provided what I consider to be a tenable 
marriage of neoclassical theory and the 
acceleration principle which serves as a 
basis for my own evaluation of tax incen- 
tives using alternative specifications of the 
investment function [3] [4]. 


IIL. Conclusion 


Hall and Jorgenson have assumed a price 
elasticity of the demand for capital that 
seems much too high in the light of evidence 
from data nearly identical to their own, and 
this causes them to overestimate seriously 
the effects of tax policy. Furthermore, they 
have failed to see that their model implies a 
reaction of output as well as the rental price 
of capital to a change in tax policy, and they 
have neglected to take into account the 
induced output effect in calculating the 
investment response to tax policy changes. 
The bias which this introduces into their 
estimates of tax policy effects cannot be 
determined without further theoretical and 
empirical development of the model; it can 
be said, however, that this error leads them 
to draw the unwarranted conclusion that the 
1962 tax policy changes had no effect on 
investment in structures. Neither their re- 
sults nor their procedures stand up to close 
scrutiny, and their study must therefore 
be regarded as inconclusive with respect. to 
the effectiveness of tax incentives for in- 
vestment. 
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TAX POLICY AND INVESTMENT 
BEHAVIOR: COMMENT 


By ROBERT EIsNER* 


Robert E. Hall and Dale W. Jorgenson, 
after declaring, “The customary justifica- 
tion for the belief in the efficacy of tax 
stimulus does not rely on empirical evidence” 
(3, p. 391], have presumed, upon examina- 
tion, to see in the evidence “‘little room for 
doubt about the efficacy of tax policy in 
influencing investment behavior” [p. 413]. 
It is the purpose of this comment to demon- 
strate: (1) the conclusions by Hall and 
Jorgenson are based on assumption, not 
empirical evidence; (2) analysis of the 
empirical data, including basic data made 
available by Jorgenson, do little to confirm 
the “... article of faith among both policy- 
makers and economists” regarding “. 
effectiveness of tax policy in altering invest- 
ment behavior” [p. 391]. 


I. The Work by Hall and Jorgenson 


Hall and Jorgenson claim to “have calcu- 
lated the effects of changes in tax policy and 
investment behavior” for the accelerated 
depreciation in the Internal Revenue Code 
of 1954, the reduction in tax depreciation 
brought on by the new “guidelines” in 1962, 
and the investment tax credit for equipment 
and machinery, also in 1962. In addition, 
they consider the hypothetical effects of the 
ultimate liberalization of tax depreciation: 
the first year write-off or expensing of invest- 


* The author is professor of economics, Northwestern 
University. He has benefitted considerably from the 
comments of Bert G. Hickman as well as from the 
financial support of the National Science Foundation 
and the Ford Foundation for research in investment. 
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ment expenditures, Their substantive con- 
clusions—and they are substantive indeed— 
include the assertions that from 6.8 to 11.4 
percent of various categories of gross invest- 
ment in the 1954-63 period resulted from 
the accelerated depreciation introduced in 
1954 (p. 408), that 14.8 to 17.6 percent of 
the zet investment in equipment in 1963- was 
due to the change in guidelines, and that 40.9 
to 48.6 percent of net investment or just 
over 10 percent of gross investment in 1963 
could be attributed to the investment tax 
credit [p. 410]. I shall demonstrate that these 
conclusions stem directly from the assump- 
tions of the model used by Hall and Jorgen- 
son and have little or nothing to do with the 
data. 

It is important to make clear just wherein 
the work by Hall and Jorgenson, which does 
involve estimates of investment functions 
from annual data of the U.S. economy for 
the years 1931-41 and 1950-63, fails to offer 
empirical evidence on the role of tax policy. 
To do so, we must consider first the assump- 
tions or constraints of Jorgenson’s ‘‘neo- 
classical theory of optimal capital accumu- 
lation” [pp. 391-92]. 

As should be well known to readers of 
various recent papers by Jorgenson and 
others, the assumption of a Cobb-Douglas 
production function implies that the desired 
level of capital K* is: 


(1) K* =a—) 
c 


“where p is the price of output, Q is quantity, 
c the rental price of capital, and a the 
constant elasticity of output with respect to 
capital” [p. 396]. Then, assuming that 
net investment is a distributed lag function of 
previous changes in the desired stock of 
capital and that replacement investment is 
proportional to existing capital stock, we 
derive a 


(2) L= D KAK, + 8K, 
sap 


where T, is gross investment. 
With the replacement coefficient, ô, esti- 


mated extraneously, Hall and Jorgenson 
utilize a Koyck, geometric series form of their 
general Pascal lag estimator for their regres- 
sion function in net investment: 





N, = A $Q: $ eth pi-1Qe-1 


(3) C: Ci] 
HoN ii te. 


They then proceed to estimate the param- 
eters of (3), taking 


(1 — k) (1 — us) 


D e= grt 1mm 


where g is the price of capital goods, r is the 
discount rate, 6 the rate of replacement, k 
the rate of the investment tax credit, # the 
business income tax rate, and z the present 
value of the depreciation deduction on one 
dollar’s investment The depreciation 
method, which affects the present value of 
the tax depreciation deduction, and the 
investment tax credit thus enter into the 
measure of the rental price of capital, c. 
What is critical, however, is that Hall and 
Jorgenson (as in the papers by Jorgenson, 
and Jorgenson and Stephenson, [4], [6]) do 
not offer an independent or unconstrained 
estimate of the parameter of their measure of 
the “rental price of capital,” let alone inde- 
pendent or unconstrained estimates of the 
role of the particular components of the 
price of capital affected by tax policy. Hall 
and Jorgenson rather have constrained their 
estimator in (3) so that given percentage 
increases in p and Q, and decreases in ¢, 
must all have identical effects on investment 
regardless of anything in the empirical data. 

Thus, if variations in c, elsewhere referred 
to by Jorgenson as “‘the user cost of capital,’ 
and a fortiori variations in the tax com- 
ponent of that cost, really had no effect 
whatsoever on investment, but p or more 


1 The current Hall and Jorgenson usage of z is identi- 
cal to the correction offered several years ago by Robert 
M. Coen, in [1]. Elsewhere, however, papers by Jorgen- 
son, and Jorgenson and Stephenson, have used the ratio 
of depreciation charges to replacement at current prices 
instead of z as here defined. (See [4, p. 248] [6, p. 17, 
fn. 7], for example.) 

2 See (4, p. 249], for example. 
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likely Q, output, did have some substantial 
effect on investment, we could still expect 
positive regression coefficients of A(pQ/c). 
These might reflect entirely the effects of 
changes in output, AQ (the role of the ac- 
celerator), and be biased downward by the 
errors in the variables introduced by var- 
iance in c.2 The positive regression coeffi- 
cients so derived would offer no evidence of 
any influence on investment stemming from 
the user cost of capital as opposed to the 
influence of output. 

There is indeed internal evidence in the 
article by Hall and Jorgenson (as well as in 
other work by Jorgenson and associates) 
that precisely this is happening. If the pro- 
duction function is Cobb-Douglas, and the 
other maximization and implicit expecta- 
tional and informational assumptions of the 
model are met, then it is true that, on sub- 
stituting (1) in (2), the distributed lag 
coefficients, u’,, would sum to unity, although 
this is an implication of the model and its 
assumptions and not a “fact” as Hall and 
Jorgenson assert [p. 400]. The implications of 
this, since the regression coefficients of 
A(pQ/c) are so low, are that the estimated 
elasticities of output with respect to capital, 
â, are low, particularly in manufacturing. 
There the sum of the elasticities for equip- 
ment and structures is approximately .11,4 
well below the .25 to .33 usually found in 
direct estimates of this function (or the .35 
elsewhere hailed by Jorgenson as confirmed 
by the data).5 

It is to be noted that the assumption that 
the sum of the uJ =1, coupled with the 
assumption that the coefficients of appropri- 
ate measures of changes in the p/c and Q 
components of A(pQ/c) would be identically 
equal to ayé and ay{ if these coefficients 
were estimated separately, are the basis for 
all of the conclusions by Hall and Jorgenson 
about the effects of various tax policies. 
For given these estimates of ays and eyi, 
and w, and hence of uia, where a as always 
in the Jorgenson model is a parameter, it 
becomes a matter of cumbersome arithmetic 

1 See (2, p. 375, fn. 26]. 


4 (3, Table 2, p. 400]. 
5 See [5, esp. p. 471]. 


—or simple computer calculations—to work 
out the effects on investment of changes in 
depreciation or tax policy in terms of their 
calculated effects upon c and hence upon p/c 
or pQO/c, at least if one goes along with the 
further implicit assumption that p and QO 
are unaffected by changes in c. 

The estimates by Hall and Jorgenson of 
the effects of taxes on investment are all 
based upon their estimates of the coefficients 
of Ac; and Ac;; although these coefficients 
are never specifically estimated. Rather they 
are taken bodily from the coefficients of 
A(O c and Alpia C1). This is 
done despite the evidence of downward bias 
in the estimates of a, cited above, which sug- 
gests errors in variables or misspecification 
of the relation. What is more, there is no 
empirical estimate that all of the various 
components of c specifed in (4) contribute 
to investment in the way that Hall and 
Jorgenson have concluded. Hall and Jor- 
genson assume that the elasticity of desired 
capital, K*, with respect to rental price of 
capital, c, is unity, and use regression coeff- 
cients of a variable that includes price of 
capital goods and the rate of output to esti- 
mate only the lag distribution of desired to 
actual capital stock. Hall and Jorgenson then 
further assume the role of the tax param- 
eters, k, 4, and z, and the cost of capital, r, 
is that specified by (4). It is not my purpose 
here to discuss the plausibility of the theory; 
it is imperative to distinguish theory from 
empirical findings. Hall and Jorgenson offer 
none of the latter which bears on the role of 
taxes in investment. 


Il. Another Look At Empirical Data 


While Hall and Jorgenson have not used 
their empirical data to measure the role of 
the rental price or user cost of capital, c, on 
which their conclusions about taxes and in- 
vestment depend, quarterly data made avail- 
able by Jorgenson! have been used by Eisner 
and Nadiri [2] to estimate separately the 
roles of relative prices, p/c, and output, Q. 
This analysis, applies to a log-linear relation 
the general Pascal lag estimator, of which the 


8 These are described briefly in the Appendix. 


382 THE AMERICAN ECONOMIC REVIEW 


estimator employed by Hall and Jorgenson 
is a special case. Eisner and Nadiri offer evi- 
dence that variations in output, not in the 
user cost of capital, are most associated with 
investment. Indeed, in quarterly data using 
the best fitting Koyck regression, involving 
seven quarterly lag weights y,, the elasticity 
of capital stock with respect to relative 
prices (p/c) was estimated at only .1576 
while that with respect to output was .8158 
[2, Table 2].” Eisner and Nadiri confirmed 
that a downward bias is introduced into 
estimates of the y; by misspecification of the 
role of c; they found uniformly lower esti- 
mates of elasticities of capital stock with 
respect to the combined variable, pQ/c; the 
highest estimate there was .464 and for the 
best fitting regression it was .245.8 

Thecalculations by Hall and Jorgenson of 
the effects of changes in the user cost of 
capital brought about by changes in tax 
policies are based upon the assumption that 
the elasticity of capital stock with respect 
to the user cost of capital is unity. It must 
be realized that the unconstrained estimates 
of this elasticity in the neighborhood of .16 
provided by Eisner and Nadiri, using Jor- 
genson’s data, suggest that if the other as- 
sumptions and arguments built into the 
paper by Hall and Jorgenson are correct, 
their estimates of the effect of tax policy 
should be divided roughly by six. 

A further direct test of the role of tax 
policy has been carried out by utilizing two 
sets of user cost variables made available by 
Robert M. Coen from quarterly data from 
1947 to 1966, calculated on essentially the 
basis indicated by Hall and Jorgenson. One 
set of user cost variables is prepared on the 
assumptions of straight line depreciation 


! The estimating equations corresponded respectively 
to (5) and (6) without the terms involving c? and 
c®, Similar sets of estimates were obtained from arith- 
metic forms of the relation, as indicated in [2, pp. 371- 
72, fn. 19]. 

8 Errors in variables do not, of course, always bias 
estimates of parameters downward. As explained in [2, 
p- 375, in 26], however, the particular relation among 
covariances and variances of errors and variables which 
might prevent such a downward bias is not to be found 
in the body of data with which we are concerned. 


with no change in guideline life or tax credit 
over the period. The other set of user cost 
variables encompasses the various changes 
in 1954 and 1962 considered by Hall and 
Jorgenson, namely the introduction of sum- 
of-years-digits depreciation in 1954, and of 
guideline depreciation and the investment 
credit on equipment in 1962. While the 
annual data for manufacturing and non- 
manufacturing utilized by Hall and Jorgen- 
son have not been available to me, I have 
added Coen’s measures of the effects of tax 
policy on user cost to the quarterly manu- 
facturing data used by Jorgenson and 
Stephenson, reported upon by Eisner and 
Nadiri [2]. The following equations were 
then estimated: 


7 
Aln K= X| ea tm (72) 
€ fi 


tml 


e(Alnc® — Al i ' 
(5) + yaci(Alnc nc), | 


+ wd ln Kes + 25 
jul 


r=1,2,3 


m+4 p 
Aln K,= > | Ypi In (2) 
dean C/t-i 
+ Yaci(A In c? — A In c*) 15 


+ Ygiå in o | 


(6) 
+ È oA In Kij + 06 
jal 
m = Í, 2,3 
r=1,2 
where 


e’=user cost with straight-line deprecia- 
tion, useful life of 18 years, no allow- 
ance for tax credit or tax cuts, 
and 


œ {=user cost with various tax incentives: 
sum-of-years-digits tax depreciation 
beginning in 1954, useful life reduced 
to 13 years and tax credit and tax cuts 
included from 1962-[II. 
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The unconstrained estimate of elasticity of 
capital with respect to any of the indepen- 
dent variables, 4, in (5) or (6), may then be 


written 
Do vac 
s 
j 


The rationale of this formulation may be 
seen by noting that we are including first 
Jorgenson’s user cost variable,’ c, described 
below in (8). Over the years of our sample 
this Jorgenson c reflects the effect of the tax 
incentives only in the role of v, the ratio of 
tax depreciation charges to current replace- 
ment cost, in the expression 


1— uo 1 — uw 
Ode) ee 
1— i—4 

where w, which need not here detain us, is the 
proportion of the cost of capital, r, deductible 
for tax purposes, and the other symbols are 
as defined previously. With v involving the 
slowly moving total of depreciation charges 
stemming from capital acquisitions of many 
past years, the measure of c defined in (8), 
compared to the measure of c in (4), used by 
Jorgenson and Hall and by Coen, captures 
relatively little of the effect of accelerated 
depreciation in the years 1954-62. Hence, 
we may take Jorgenson’s c as an approxima- 
tion of c°, use A łn c°—A In c in (5) and (6) 
in order to reflect the role of the change in 
user cost, or differences in changes in user 
cost brought on by tax incentives, and write 
the equilibrium relation underlying (6) as 


a(t)" 


pe 


= §———__--____- EA. 
cE Fan) gal Bq.) 


(7) Ê; 





(9) 


If the role of tax incentives were correctly 
specified in c* we should have Eas =E, and 
hence 


G0) E=$ (Ho 


? See [7, p. 186]. 


which, in Jorgenson’s special Cobb-Douglas 
case with Z,,=E,=E,=1, would reduce to 
(1). Thus a value of H,,=1 would confirm the 
specified role at least of accelerated deprecia- 
tion, which was the major investment tax 
incentive in our sample period. Estimates of 
Ex. greater than zero, but less than unity, 
would suggest some positive role for tax 
incentives in stimulating investment, but 
not that specified by Hall and Jorgenson. 
Estimates of Eae <0 would indicate that this 
formulation has found no discernible effect of 
the tax incentives (in this instance essentially 
accelerated depreciation in the 1954-62 
period) in stimulating investment. 

Table 1, presenting estimates from the 
best fitting regressions of equation (5), 
where the rental price of capital, cx, is based 
upon a “cost of capital,” rı, defined as inter- 
est and earnings divided by the value of all 
outstanding securities, offers an immediate 
empirical contradiction of the conclusions by 
Hall and Jorgenson. The sum of the coeffi- 
cients of the tax incentive variable, while not 
differing significantly from zero, is actually 
negative, equaling —.0308. Further, the 
sum of the coefficients of cost-deflated out- 
put, A ln (p0/c;), while significantly positive 
at a .05 probability level, is so low that the 
unconstrained estimate of the elasticity of 
capital stock to what is referred to in the 
Jorgenson models as “the desired level of 
capital” is only .2778. This is further evi- 
dence of an underlying misspecification in 
(1), introducing errors in measurement of 
desired capital which bias the estimated 
coefficieats toward zero. 

The results presented in Table 2, where the 
bond yield, r;, is used as a measure of the 
cost of capital, are essentially the same. 
Again the sum of the coefficients of the tax 
factor is negative, this time equaling —.0235 
but not significantly different from zero. 
Again the estimated elasticity of capital 
stock with respect to cost deflated output is 
inappropriately low, equaling .2970. 

Estimates. of equation (6), presented in 
Table 3, offer a substantiation of the Eisner- 
Nadiri findings that it is changes in output 
rather than in relative prices which seem to 
account most for investment expenditures. 
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TABLE 1—CAPITAL EXPENDITURES, CHANGE IN Cost- 
DEFLATED OUTPUT AND Tax Factor, Toran MANU- 
YACTURING QUARTERLY Data, 1947-62, User Cost 
or CAPITAL (c1) INVOLVING INTEREST AND EARNINGS* 


ree $Q 
AmKEi=sd HE | yah (—. 
tank Ci fet 


— yal(Aln e — A in a)i] 





























: $ 
+E yA ln Kij to 
jml 
(1) (2) (3) (4) 
ij f Yi Yasi ay 
1 0042 0179 1.4671 
(0036) (.0143) (.1336) 
2 001s | —.0034 | —.5408 
(.0035) (0235) (. 1266) 
3° 0067 | —.0233 
(.0041) (.0233) 
4 .0083 | —.0275 
(.0039) (.0232) 
5 0096 | —.0166 
(.0041) (0235) 
6 — .0025 0352 
(.0045) (0236) 
7° | —.0073 | —.0131 
(.0043) (.0221) 
Sums “0208 | —.0308 9263 
(.0100) (.0613) (.0423) 
fe 2778 — 4172 
| afta 933; N=56; a! = .0002. 
(..0003) 


b #eestimated elasticity of capital with respect to 
variables associated with indicated parameters. 


Further they contradict the hypothesis that 
changes in the tax structure have had a 
discernible effect in stimulating investment. 
It will be noted in Table 3 that the sum of 
the yp:=.0195, with a standard error of 
.0092 indicating statistical significance at at 
least a .05 level. This implies an elasticity of 
capital stock with respect to relative prices, 
including a cost of capital involving interest 
and earnings, of .2274. The sum of the Yọ; of 
.0632, with a standard error of .0127, indi- 


TABLE 2—CAPITAL EXPENDITURES, CHANGE IN COST- 
DEFLATED OUTPUT AND Tax Factor, TOTAL MANU- 
FACTURING QUARTERLY Data, 1947-62, Usmo Bonp 
RATE IN User Cost OF CAPITAL (¢2)* 
7 
AR eer S| yah (2) 
i=l fy sti 
+ yaci(A In PO — A in e) | 


2 
+È yA ln Keg to 
j=l i 























(1) (2) (3) (4) 
ij yi YAci y 
1 .0098 .0010 1.5908 
(.0045) (.0165) (.1265) 
2 .0062 — 0069 — .6754 
(.0046) (.0253) (.1252) 
3 .0003 — .0027 
(.0042) (.0231) 
4 — .0004 — .0202 
(.0040) (.0238) 
5 .0053 —.0337 ` 
(.0038) (,0247) 
6 .0035 .0334 
(.0046) (.0248) 
7 .0004 .0056 
(.0050) (.0226) 
Sums .0251 ~ 0235 .9154 
(.0132) (.0701) (.0408) 
£ .2970 —.2774 
a Rtas 924; N=56; a! = 0004. 
(.0003) 


cates both a clearly statistically significant 
role for changes in output and an estimated 
elasticity of capital stock with respect to 
output of .7385, not too far out of line with 
the notion that capital stock eventually 
moves roughly in proportion to output. The 
substantial difference between these two 
elasticities, .2274 for relative prices and 
-7385 for output, is further evidence of the 
misspecification of unity as ‘the common 
elasticity of capital stock with respect to 
prices, user cost, and output, to be found in 
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TABLE 3—CAPITAL EXPENDITURES, CHANGE IN QuTruT, Rerative Prices. anD Tax 
Factor, TOTAL MANUFACTURING QUARTERLY Data, 1947-62, User Cost oF CAPITAL 
(c1) INVOLVING INTEREST AND EARNINOS* 
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(1) (2) (3) (4) (5) 
4,9 Ypi YAct Yai tj 
1 .0030 0159 .0188 1.2008 
(.0035) (.0137) (.0065) (1167) 
2 .0018 0024 0069 — .2864 
(.0034) (.0245) (.0067) (.1192) 
3 .0019 .0023 .0085 
(.0041) (.0247) (.0060) 
4 .0038 — .0119 .0081 
(.0041) (.0245) (.0058) 
5 .0090 — .0226 .0210 
(.0043) (.0219) (.0056) 
Sums .0195 — .0139 .0632 9144 
(.0092) (.0516) (.0127) (.0384) 
Ê 2274 — 1622 .7385 
a Rt= 934; N=58; a! = — 0002. 
(.0004) 


all of the work on investment with which 
Jorgenson has been associated? What is 


10 As pointed out with regard to similar results in [2], 
these findings are consistent with the implications of a 
first degree CES production function, where 


Kt =p (2) Q, 


but not with its special case, the Cobb-Douglas func- 
tion, since Ey, the elasticity of substitution, is clearly 
less than unity. If one could assume 80/8K =c/p even 
with nonconstant returns, thus forcing a contradiction 
in other marginal conditions, one could generalize the 
above for a CES function of degree v, to 


*=6 (4) Otao, 


where, for Ep=o<1 and v>1, 


i= = za 
Ejeet fai +8 a Det, 





which is consistent with our estimates, 


more, however, for our own immediate pur- 
pose, we may note that the sum of the Yac: 
is again not significantly different from zero, 
and again negative, amounting to —.0139. 

Table 4 is similar in form to Table 3 
except for the use of the bond rate as the 
cost of capital instead of the ratio of interest 
and earnings to the value of securities. 
Finally, those looking for empirical support 
for a role of the tax factor in investment may 
find some small comfort. For while again it 
is only changes in output which prove 
statistically significant, and relative prices 
actually show up on balance with a negative 
role, the sum of the yas is positive and 
implies an elasticity of capital stock of 
.62 with respect to changes in user cost 
brought about by changes in depreciation 
and tax policy. I trust, however, that readers 
will find the empirical support here for the 
role of tax incentives to be scant, in that the 
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TABLE 4—CapitaL EXPENDITURES, CHANGE IN OUTPUT, RELATIVE Prices AND Tax 
Factor, TOTAL MANUFACTURING QUARTERLY Data, 1947-62, Usmo Bonp RATE IN 
User Cost or CAPITAL (¢:)* 
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sum of these Yas: does not differ from zere by 
even as much as its standard error, and the 
positively estimated elasticity of capital 
stock with respect to the tax factor is not 
statistically significant at any reasonable 
probability level.” 

Experimentation with other lag structures, 
within the limits of the capacity of our 
regression program, in no case revealed any 


€ It should be recognized, however, that failure to 
‘find a statistically significant positive elasticity with 
respect to any variable is not the same as rejecting the 
hypothesis that the elasticity is positive. Even where 
the estimated elasticity with respect to the tax incen- 
tive factor was negative, standard errors were too high 
to reject the hypothesis of a positive elasticity at as 
much as the .05 probability level. Similarly, only in 
Table 4 do results indicate clear rejection of the hy- 
pothesis of unitary positive elasticity with respect to the 
relative price variable, although the more precise esti- 
mates of elasticities in Eisner aad Nadiri [2] do quite 
generally point to price elasticities significantly below 
unity, 














a’ = — .0002. 


greater evidence of the role of the tax factor 
than that exhibited in Table 4. Lags of the 
independent variables running from 2 to 6, 
3 to 7, 4 to 8, and 5 to 9, with two lagged 
values of the dependent variable, indicated 
partial elasticities of capital stock with re- 
gard to the tax variable which were negative 
in five out of ten cases, including those of the 
three best fitting regressions. In no case was 
the sum of regression coefficients of the tax 
factor greater than its standard error, or as 
great as the figure of .0570 shown in Table 4. 
And in no case was the estimated elasticity 
as great as that indicated, without sta- 
tistically significant difference from zero, in 
Table 4. 


UI. Conclusion 


Hall and Jorgenson, contrary to the impli- 
cations and conclusions of their article, have 
offered no empirical evidence of the role of 
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tax factors in investment. Their specification 
of the investment function with the con- 
straint that parameters of the price of out- 
put, output, and the reciprocal of the rental 
price or user cost of capital must all be identi- 
cal, along with their specification of an exact 
relation between the user cost of capital and 
the various tax incentives they consider, 
make it impossible for them to disentangle 
any possible influence of these tax incentives 
on investment. There is hence no justifica- 
tion for the quantitative estimates of these 
influences which they present in their 
article. 

There is internal evidence in their findings 
from annual data of the inter-war and post- 
World War II periods that their investment 
function is in fact misspecified. When a 
revised form of their basic investment func- 
tion, permitting separate estimation of 
parameters of relative prices and output, 
is confronted with Jorgenson’s quarterly 
data for manufacturing, this misspecification 
is confirmed. The role of relative prices, on 
which the influence of tax incentives depends 
critically in the Hall-Jorgenson article, is 
found to be quite small, at most about 1/6 
that assumed by Hall and Jorgenson. More 
specifically, when a variable measuring the 
changes in the user cost of capital brought 
about by tax measures, chiefly accelerated 
depreciation, is introduced specifically into 
the relation, the best estimates of the effect 
of the variable are negative and no statisti- 
cally significant role for the tax incentive is 
found in any of the estimates. 


APPENDIX 


The following quarterly data, generally 
from 1947-I through 1962-IV were obtained 
from Jorgenson: 

1. Gross investment from the OBE-SEC 
Quarterly Investment Surveys (reported in 
the Survey of Current Business), price de- 
flated. 

2. Capital stock net of depreciation at the 
beginning of 1948 and 1960 from the OBE 
Capital Goods Study (G. Jaszi et al. in 
Survey of Current Business, November 1962) 
with intervening quarterly values along with 
the rate of depreciation 6, calculated from 
the recursive relation, 


Kiri = L + (1 ee Ke 


3. Gross value added—pQ—the sum of 
corporate and noncorporate profits before 
taxes, depreciation, net monetary interest, 
and total compensation of employees. These 
data for total manufacturing were allocated 
among quarters in proportion to the cor- 
responding series in the FTC-SEC Quarterly 
Financial Reports. 

4, A first measure of the rental price or 
user cost of capital, cı, based on 11, defined as 
(corporate profits after taxes plus net mone- 
tary interest)/the value of all outstanding 
securities. The value of equity was estimated 
as the ratio of corporate profits after taxes 
to the earnings-price ratio for manufacturing 
corporations reported by Standard and 
Poor’s. The value of debt is estimated as the 
ratio of net monetary interest to the bond 
yield for manufacturing corporations. 

5. A second measure of the rental price or 
user cost of capital, &, based on rz, the U.S. 
Government Long-Term Bond Rate as 
reported in the Survey of Current Business. 
All of these data.are reported to be seasonally 
adjusted and measured at quarterly rates. 
All price indexes take the value of unity in 
1954. 

Coen’s measures of user cost with and 
without tax incentives are described in fur- 
ther detail in [1]. The only additional vari- 
able, introduced by Eisner and Nadiri, is the 
wholesale price index, also given the value of 
unity in 1954. This index was considered to 
be p and output of each quarter, Q:, was then 
calculated by dividing the Jorgenson figure, 
p.Q:, by our pi. Our measure of relative prices 
was p/c. 

Fuller accounts of Jorgenson’s data are to 
be found in various of the references cited 
but particularly in the “Statistical Ap- 
pendix” [7, pp. 76-77] of the manuscript 
copy. 
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TAX POLICY AND INVESTMENT 
BEHAVIOR: REPLY AND 
FURTHER RESULTS 


By Rosert E. HALL AND 
Dare W. JORGENSON* 


In our earlier paper in this Review, we 
presented the results of an empirical study 
of the impact of changes in American tax 
policy on investment expenditures. The 
basic principles of the investment function 
underlying our work are the familiar ones: 
starting from a hypothesis about the form of 
the production function, we derived the 
profit-maximizing demand for capital input 
as a function of output and the relative price 
of capital services. We then estimated the 
parameters of the lagged adjustment of 
actual capital to this desired level. One 
property of the demand function, namely its 


* The authors are members of the faculty of the Uni- 
versity of California, Berkeley. 
1 See [10] in this Review, June 1967. 


elasticity with respect to the price of capital 
services, obviously has a crucial role in the 
application of such an investment function 
to the measurement of the effects of tax 
policy. We chose the relatively simple Cobb- 
Douglas parametrization for the production 
function. This choice implied the particular 
numerical value of unity for the own-price 
elasticity of demand for capital (or elasticity 
of substitution). At the time we made the 
choice, we believed that it was a reasonable 
one in the light of evidence from studies of 
production functions and factor demand. 
Evidence accumulated since then has 
strongly confirmed our hypothesis, as we will 
show here. 
Robert Coen [4] has correctly pointed out 
that in our original exposition we did not 
provide a detailed justification for the choice 
of this hypothesis. Our first objective is to 
review the extensive evidence on the elas- 
ticity of substitution now available. The 
elasticity of substitution is difficult to esti- 


mate from time series since it is essentially 


a second order parameter in the relationship 
between products and factors, as Kmenta 
[18] and Nelson [21] have pointed out. As we 
observe in Section I, relatively minor errors 
in specification or seemingly unimportant 
differences in methods of measurement may 
have a substantial impact on the estimated 
elasticity of substitution. The elasticity can 
be estimated more reliably from individual 
cross sections and from successive. cross 
sections, as Griliches [9] has demonstrated. 
New evidence made available by Zarembka 
[26] reinforces Griliches’ conclusions and 
removes important sources of ambiguity in 
the interpretation of earlier studies. 

Our second purpose is to present a new set 
of estimates of the time form of the response 
of investment to changes in its determinants. 
These estimates, based on a refinement of 
our previous econometric method, suggest 
that the impact of tax policy is considerably 
more rapid than we originally estimated. 
Our earlier estimates of the timing of changes 
in investment following a change in tax 
policy need revision in light of this finding. 
Our new results are in much better agree- 
ment with the results of studies of the time 
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structure of investment behavior at the 
level of industry groups or for individual 
firms. 

Our third objective is to extend our pre- 
vious estimates to measure the impact of 
policy changes since 1963 on investment 
expenditures. Since 1963 several important 
changes in tax policy have been carried out; 
these changes provide a further opportunity 
for evaluation of the responsiveness of invest- 
ment expenditures to tax policy. We first 
consider the effects of reduction of the rate of 
taxation on corporate profits from 52 per- 
cent to 48 percent in 1964. This reduction 
was combined with elimination of the re- 
quirement that the base for depreciation 
charges be reduced by the amount of the 
investment tax credit, making the tax credit 
adopted in 1962 considerably more effective. 
We find that the main stimulus to investment 
resulting from the 1964 tax cut came from 
changes in the investment tax credit rather 
than changes in the tax rate. If the tax rate 
alone had been reduced with no alteration 
in the investment tax credit, the direct im- 
pact of the tax cut of 1964 on the level of 
investment would have been small and 
negative. A second change in tax policy we 
analyze is the suspension of the investment 
tax credit and certain types of accelerated 
depreciation in late 1966 and early 1967. 
These changes had a substantial impact on 
investment and would have had a much 
greater impact if the suspension had been 
kept in force for the period stipulated at the 
time of the suspension. 


I. The Elasticity of Substitution 


In our econometric model of investment 
behavior we have maintained the hypothesis 
that the elasticity of substitution is equal to 
unity. Although relatively minor errors in 
specification or small differences in methods 
of measurement have substantial impact on 
estimates of the elasticity of substitution 
from time series, this parameter can be 
estimated reliably from cross sections, either 
through the study of factor demand or 
from direct estimates of the production 
function, We first review estimates of the 
elasticity of substitution from empirical 


studies of factor demand. Our maintained 
hypothesis is strongly supported by this 
evidence. Second, we consider recent at- 
tempts by Eisner and Nadiri [6] and by 
Eisner [7] to estimate the elasticity of 
substitution from data on investment ex- 
penditures. The resulting estimates are 
extremely sensitive to errors in specification 
and prove to be highly unreliable. We con- 
clude that these estimates of the elasticity of 
substitution from data on investment do not 
provide a useful alternative to our hypothesis 
that the elasticity of substitution is unity. 

In the original study of the elasticity of 
substitution by Arrow, Chenery, Minhas, 
and Solow [1, henceforward ACMS] the 
elasticity of substitution was significantly 
different from zero for every industry group 
included in the study. For nine of the twenty- 
four industry groups the elasticity of sub- 
stitution was significantly below unity. 
These findings are shown in the first column 
of Table 1. Fuchs [8] has re-examined these 
conclusions, inserting a dummy variable 
representing the level of development of 
countries included in the sample. For only 
two industry groups is the elasticity of 
substitution significantly different from 
unity—for one group the elasticity is above 
unity and for the other below. The results of 
ACMS and Fuchs are compared in Table 1. 
The first conclusion supported by these 
results is that the elasticity of substitution 
is significantly different from zero. However, 
Fuchs has thrown into question the finding 
of ACMS that the elasticity of substitution 
may be less than unity. 

The results of ACMS and Fuchs are based 
on international cross sections. For the 
United States a number of studies have been 
made of the elasticity of substitution for 
two-digit industries within manufacturing. 
Dhrymes [5], Minasian [20], and Solow [23] 
have fitted relationships involving value 
added per man and the wage rate. More 
recently, this relationship has been fitted to 
data for successive cross sections by Griliches 
[9] and by Zarembka [26]. Second, Bell 
[2] and Dhrymes [5] have fitted analogous 
relationships involving capital and its rental 
price. All of these estimates provide support 
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TABLE 1—CoMPARISON OF ESTIMATES OF THE ELAS- 

TICITY OF SUBSTITUTION FOR MANUFACTURING INDUS- 

TRIES BY ACMS AND By Fucus FROM INTERNATIONAL 
Cross Sections, 1950-1955* 








Industry Group ACMS Fuchs 
Food and kindred products i 
Dairy products 0.72 0.90 
(O (.08) 
Fruit and vegetable 0.86 1.09 
canning (.08) (.10) 
Grain and mill products 0.91 1.32 
. (.10) (.17) 
Bakery products 0.90 1.07 
(.07) (.11) 
Sugar 0.78 0.90 
Á (.12) (.18) 
Tobacco 0.75 1.22 
(.15) - (.21) 
Textile mill products : í 
Spianing and weaving 0.81 0.98 
(.07) (.10) 
Knitting mills 0.79 0.95 
l C06)  (.08) 
Lumber and wood products . 0.86 1.08 
l (.07) (.14) 
Furniture and fixtures 0.89 1,04 
(.04) (.09) 
Pulp, paper, and products 0.97 0.91 
; (.10) (.18) 
Printing and publishing 0.87 1.02 
: (.06) (.09) 
Chemicals and products ; 
Basic chemicals 0.83 -1.11 
(.07) (.10) 
. Misc. chemicals 0.90 1.06 
-(.06) © (09) 
Fats and Oils 0.84 1.06 
(.09) (, 18) 
Leather and leather goods 0.86 0.98 
- (.06) (.10) 
Stone, clay, and glass products 
. Clay products 0.92 0.66 
i (.10) (.20) 
Glass 1.00 1.27 
(.08) (.10) 
Ceramics 0.90 1.08 
(.04) (.13) 
Cement 0.92 1.31 
, ` (.15) (.22) 
Primary metal products 
Tron and steel 0.81 : 0.76 
: (.05) (1D 
Nonferrous metals 1.01 0.94 
(.12) {.20) 


TABLE (Continued) 


Fabricated metal products 0.90 1.01 
(.09) (17 

Electrical Machinery 0.87 1.03 
: (.12) (.21) 


* Source: Nerlove [22], Table 1, Columns 1 and 2, 
pp. 60-63. 


for the hypothesis that the elasticity of 
substitution is unity. 

Minasian’s estimates of the elasticity of 
substitution are based on data for indi- 
vidual states for 1957; he finds two estimates 
of the elasticity of substitution significantly 
above unity, three significantly below, and 
thirteen not significantly different from unity 
among a total of eighteen industry groups.? 
Solow’s results are based on data for Census 
regions for 1956; he finds no estimates sig- 
nificantly below unity, only one significantly 
above, and seventeen not significantly differ- 
ent from unity.? Dhrymes employs data for 
individual states in 1957, essentially the same 
data analyzed by Minasian; however, he 
finds very low estimates of the elasticity of 
substitution for regressions in which value 
added per man is the dependent variable 
and the wage rate is an independent vari- 
able. Zarembka has recently analyzed these 
same data and has discovered that Dhrymes 
inadvertently regressed the wage rate on 
value added per man rather than vice versa, 
With this error removed, estimates based on 
data for individual states in 1957 are similar 
to those of Minasian.’ 

In fitting relationships involving capital 
and its rental price to data for individual 
states for 1958, Bell finds no estimates sig- 
nificantly below unity, eleven significantly 
above, and seven not significantly different 


2 See [9], Table 1; p. 287. 

3 See [9], Table 1, p. 287. 

t Dhrymes [5], Table 1, p. 358, column labeled on. 

*Zarembka [26], p. 9, fn. 2. Dhrymes’ estimates are 
reproduced by Nerlove [22], Table 1, pp. 60-63, column 
labeled “Regression I” Corrected estimates are. given 
by Zarembka, Table 1, p. 10, column labeled ¢ for 1957, 
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from unity.’ Analyzing data on capital for 
1957, Dhrymes finds one estimate signifi- 
cantly below unity, two significantly above, 
and fourteen not significantly different from 
unity.” The overall conclusion from these 
four studies of cross sections of individual 
states or Census regions for the years 1956, 
1957, and 1958 is that the elasticity of sub- 
stitution is not significantly different from 
unity. Significant deviations above unity are 
about as frequent as significant deviations 
below unity. We conclude that our main- 
tained hypothesis that the production func- 
tion is Cobb-Douglas in form is supported by 
evidence from studies of factor demand, 
including demand for labor and demand for 
capital, 

Estimates of the elasticity of substitution 
from time series are much more erratic than 
those from cross sections. Estimates sub- 
stantially above unity and substantially 
below unity have been obtained for alterna- 
tive specifications of factor demand equa- 
tions. The estimates appear to be extremely 
sensitive to changes in the stochastic specifi- 
cation of factor demand relationships; 
minor differences in measurement produce 
substantially different estimates.® The pri- 
mary explanation for the lack of reliability 
of time series estimates of the elasticity of 
substitution is that the elasticity is essen- 
tially a second-order parameter in the 
relationship between the growth of output 
and the growth of factor inputs, as Nelson 
[21] has demonstrated. 

A partial reconciliation of time series and 
cross section results has been undertaken by 
Griliches [9] and by Zarembka [26], taking 
into account variations in labor quality over 
the cross section of individual states and 
allowing for serial correlation in successive 
cross sections. Griliches estimates the elas- 
ticity of substitution for two-digit industries 
from cross sections of individual state ob- 
servations for 1957. The results are given in 
the first column of Table 2. Griliches sum- 
marizes these results as follows: 


® See [9], Table 1, p. 287. 

7 Dhrymes [5], Table 1, p. 358, column labeled os. 

8 Time series studies are reviewed by Nerlove [22], pp. 
82-100, and by Griliches [9], pp. 285-290. 


TABLE 2—ESTIMATES OF THE ELASTICITY oF SUBSTITU- 
TION FOR Two-Dicir MANUFACTURING INDUSTRIES IN 
THE UNITED STATES BY GROICHES* 








a. Cross b. Lagged c. Serial 
Industry Group Section Adjust- Correla- 
ment tion 
Food 0.91 1.01 ae, 
(. 10) 
Textile 0.94 1.11 1.09 
(.17) (.54) 
Apparel 1.06 0.84 0.63 
(.19) (.21) 
Lumber 1.07 1.11 1.18 
(.06) (.20) 
Furniture 1.04 0.99 Ee 
(.07) 
Paper 1.67 1.30 hi 
(.30) 
Printing 0.83 0.45 0.68 
(.18) (.28) 
Chemicals 0.71 0.59 0.70 
(.22) (.40) 
Petroleum e 458 akg 
Rubber and Plastics 1.28 2.21 0.90 
(.42) (.43) 
Leather 0.84 1.60 1.16 
(.26) (.40) 
Stone, clay, glass 0.91 0.77 1.88 
(.19) (.49) 
Primary metals 1.41 3,49 2.37 
(.42) (.47) 
Fabricated metals 0.85 1.17 1.20 
(.14) (.28) 
Machinery, exc. elec- 1.24 2.40 2.00 
trical 
(.38) (.29) 
Electrical machinery 0.66 0.40 1.53 
(.31) (.53) 
Transportation 0.96 1,09 aia 
equipment 
(.55) 
Instruments 0.75 0.82 aii 
(.43) 





* Source: Griliches [9], Table 3, p. 293. 

** Contradicts serial correlation model; see Griliches 
[9], note c, Table 3, p. 294. 

*** No significant relationships found. 


The first set of o (elasticity of substitu- 
tion) estimates is comparable to, though 
substantially better than (in terms of 
fit and ¢ ratios) the Minasian and So- 
low estimates and is generally of the 
same order of magnitude. Only one of 
these o’s (out of 17) is significantly 
different from unity, and that one is 
above unity.® 


° [9], p. 292. 
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Griliches next fits two alternative dynamic 
models to cross sections of individual states 
for 1957 and 1958—a lagged adjustment 
model and a model that takes serial cor- 
relation into account. The results are given 
in the second and third columns of Table 2. 
Griliches summarizes these results as follows: 


The second set of o (elasticity of sub- 
stitution) estimates is based on the par- 
tial adjustment equation, while the 
third is based on the serial correlation 
model. In 12 out of 17 cases the latter 
model is the one consistent with the 
data. In general, all of the estimated 
o's are not very (statistically) different 
from unity, the significant deviations if 
anything occurring above unity rather 
than below it.! 


In Griliches’ serial correlation model 
equality between elasticities of substitution 
for cross sections in 1957 and 1958 is taken as 
a maintained hypothesis. This hypothesis can 
be tested by estimating elasticities of sub- 
stitution separately for the two cross sections 
and testing their equality, given serial 
correlation in the residuals. A test of this 
type has been carried out by Zarembka. 
Except for one industry, the hypothesis is 
accepted. Zarembka also presents combined 
estimates of the elasticity of substitution, 
using a statistical model similar to that of 
Griliches. For only two industries of the 
thirteen studied by Zarembka is the elas- 
ticity of substitution significantly different 
from unity; for both the elasticity is sig- 
nificantly less than unity." Our overall con- 
clusion for estimates of the elasticity of 
substitition from successive cross sections is 
that this parameter is not significantly differ- 
ent from unity. For the individual cross sec- 
tions analyzed by Bell, Dhrymes, Griliches, 
Minasian, Solow, and Zarembka, the elas- 
ticity of substitution is significantly different 
from zero. This conclusion also holds for the 
estimates from successive cross sections by 
Griliches and Zarembka. 

We have already indicated that estimates 
of the elasticity of substitution from time 
series data on capital input are unreliable. 


10 [9], p. 292. 
4 Zarembka [26], Table 2, p. 16. 


This implication is strongly supported by the 
estimates of the elasticity of substitution 
from quarterly data on investment expendi- 
tures reported by Eisner [7]. Eisner’s empiri- 
cal results extend those of Eisner and Nadiri 
[6], incorporating a variable that represents 
changes in the difference between two mea- 
sures of the rental price of capital, Eisner 
demonstrates that the effect of this variable 
is not significantly different from zero in any 
of the regressions he presents so that 
Eisner’s model effectively reduces to that - 
presented by Eisner and Nadiri, 

The Eisner-Nadiri model is alleged to 
provide a direct test of a model presented 
earlier by Jorgenson and Stephenson [14] 
in which the elasticity of substitution is 
taken equal to unity, Closer examination of 
the two models reveals that they are mu- 
tually contradictory and that evidence 
predicated on the validity of one is not rele- 
vant to the validity of the other. In addi- 
tion, Bischoff [3] has drawn attention to an 
important error of specification in the econo- 
metric model used by Eisner and Nadiri. 
Since the model presented by Eisner effec- 
tively reduces to that of Eisner and Nadiri, 
Bischoff’s analysis carries over directly to 
Eisner’s model. The basic difficulty in the 
Eisner-Nadiri model arises from the fact 
that errors in the distributed lag function 
employed in the model are autocorrelated. 
Eisner and Nadiri have ignored this auto- 
correlation so that their estimates of param- 
eters of the distributed lag function are in- 
consistent. The estimated elasticity of sub- 
stitution is highly sensitive to this error in 
specification. Bischoff demonstrates that 
elimination of the error in specification from 
the model used by Eisner and Nadiri and by 
Eisner results in the following conclusions: 

1. The elasticity of capital with respect to 
the ratio of the price of output to the rental 
price of capital is not significantly different 
from unity.” 

2. The elasticities of capital with respect 


13 Jorgenson and Stephenson [17], Section 2, pp. 3-5. 

3 Bischoff [3], Table 2, tests for the maintained 
hypothesis that the errors are a first order autoregres- 
sive process. This conclusion directly contradicts the 
first conclusion of Eisner and Nadiri [6], p. 380. 
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to output and prices taken together are not 
significantly different from unity.“ 

3. The best fitting elasticity of capital 
with respect to output is negative with a 
high standard error, hardly consistent with 
flexible accelerator models of investment as 
Eisner and Nadiri and Eisner have claimed. 

4. Results do not contradict our main- 
tained hypothesis that the production func- 
tion is Cobb-Douglas in form.’ 

Our conclusion is that the results of Eisner 
[7] and Eisner and Nadiri [6] rest on an error 
in the stochastic specification of the Eisner- 
Nadiri model and that all of the conclusions 
Eisner has drawn concerning our analysis of 
tax policy are directly reversed for a cor- 
rectly specified model of the Eisner-Nadiri 
variety. The sharp conflict between estimates 
of the elasticity of substitution by Eisner and 
Nadiri and estimates from individual and 
successive cross sections we have reviewed 
above is removed when the error in specifica- 
tion of the Eisner-Nadiri model is eliminated. 
Estimates of parameters such as the elas- 
ticity of substitution and the degree of 
homogeneity of the production function from 
the Eisner-Nadiri model are highly un- 
reliable. This fact is demonstrated both by 
the large standard errors associated with 
estimates from a correctly specified model 
and by the high degree of sensitivity of the 
estimates to errors in specification. These 
estimates do not provide a useful alternative 
to the hypothesis that the production func- 
tion is Cobb-Douglas in form. 

We turn now to Coen’s estimates of the 
elasticity of substitution. His model is a 
straightforward generalization of ours, ob- 
tained by replacing our demand function for 
capital by one derived from a CES produc- 


4 Bischoff [3], Table 2. This conclusion directly con- 
tradicts the second conclusion of Eisner and Nadiri [6], 
p. 380. 

48 The numerical value given by Bischoff is —.434 
under the hypothesis that the autoregressive parameter 
is zero. This contradicts the third conclusion of Eisner 
and Nadiri [6], pp. 380-81. This conclusion is repeated 
by Eisner [7], pp. 5-6. 

18 This contradicts the fourth conclusion of Eisner 
and Nadiri [6], p. 381. The remaining conclusions of 
Eisner and Nadiri are refuted by Bischoff [3] and by 
Jorgenson and Stephenson [17], esp. Section 4, pp. 11-12. 


tion function. Thus he is able to avoid the 
specification error of Eisner and Nadiri, but 
at the cost of estimating a nonlinear equa- 
tion. His estimates of g are clearly inconsis- 
tent with the empirical results on the elas- 
ticity of substitution that we have sum- 
marized above. Unfortunately, Coen does not 
test the hypothesis that ø is different from 
unity, so the reader has no information about 
the statistical significance of his results. But 
whether or not his estimates are significantly 
different from one, it is not appropriate to 
proceed on the basis that e is in the neighbor- 
hood of 0.2 in investment research in the face 
of the large body of evidence to the contrary 
from research on production functions and 
from Bischoff’s work on investment func- 
tions. Until a reconciliation is available for 
the low elasticities of substitution in Coen’s 
investment equations and the roughly uni- 
tary elasticities in production equations, the 
most reasonable course is to impose the 
value of unity in investment equations. 


II. The Conceptual Basis for the Measurement 
of the Effects of Tax Policy. 

Coen expresses concern about the “‘legiti- 
macy” of the appearance of output in the 
demand function for capital; he concludes 
that investigators who have studied invest- 
ment equations in which an output variable 
appears in the right-hand side have made a 
serious conceptual error. Thus Coen rejects 
our demand function for capital, 


KÝ =a Pie 





Ce 


on the grounds that Q; is set by the firm and 
cannot “legitimately” appear on the right 
hand side. What he presumably means is 
that this equation could not be used for 
decision-making within the firm; until the 
firm decides on Qs, it cannot calculate K7. 

Our interpretation of this equation is the 
following: It is the demand for capital con- 
ditional on the level of output. The question 


17 Coen’s argument must be distinguished from the 
entirely different econometric point that if a jointly 
dependent variable appears on the right-hand side the 
choice of estimation method should take account of that 
fact. 
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of how firms determine output is an interest- 
. Ing one, but, as we shall see, it is irrelevant 
to our particular use of the investment equa- 
tion. We should note a very serious diffculty 
which Coen’s approach might encounter: if 
firms produce under constant returns to 
scale, their choice of output is indeterminate. 
Our conditional demand function still holds, 
but Coen’s equation breaks down. The 
reader is invited to substitute parameter 
values with a+8 equal to one into Coen’s 
equation 17 to see how this difficulty arises. 
Since empirical evidence generally supports 
constant returns to scale,!® Coen’s method 
has serious shortcomings. 

The point of Coen’s argument is that tax 
policy affects not only the conditional de- 
mand for capital given output, but also the 
level of output itself. Since we measured only 
the first effect and assumed that output re- 
mained unchanged, Coen suggests that we 
understated the true effect of tax policy. 
Coen’s charge that we thereby committed 
a conceptual error cannot be sustained. At 
worst, we failed to make clear the question 
we were answering with our calculations. 
To be precise, the question was the follow- 
ing: Suppose that instead of increasing in- 
vestment incentives, the government had 
pursued an alternative fiscal policy which 
resulted in exactly the same dollar value of 
output, interest rate, and capital goods 
price. Then by how much would investment 
have been less under the alternative policy? 

Another question which could be asked is 
the general equilibrium one: What were the 
overall effects of tax incentive policies, 
assuming no alternative compensatory 
-policy? The answer waits for the develop- 
ment of a satisfactory model of general 
equilibrium in the United States economy. 

Coen prefers to ask a third question: Sup- 


18 Zarembka has examined this question very care- 
fully in the study previously cited. For three of his 
thirteen industry groups the degree of homogeneity 
differs significantly from unity; for one of these groups, 
the degree of homogeneity is below unity as assumed 
by Coen. For the other two, the degree of homogeneity 
is above unity. Overall, there is little evidence that the 
degree of homogeneity differs significantly from unity; 
deviations above unity appear, if anything, to be 
slightly more important than deviations below unity. 


pose that there had been no investment 
incentive policy and that the government 
had pursued an alternative fiscal policy that 
reduced output to the point that every firm 
was in equilibrium at the output price, wage, 
interest rate, and capital goods price that 
existed under the incentive policy. Then by 
how much would investment have been 
reduced? The difficulty with this question is 
that unless decreasing returns to scale are 
strong, a very large decrease in output is 
necessary to compensate for the higher 
rental price-of capital goods in the absence of 
the investment incentives. In the case of 
constant returns to scale, output and capital 
would always fall to zero in this circum- 
stance. This suggests that Coen’s question is 
rather less interesting than he supposes. 
By contrast, our calculations are not 
affected by the assumption of constant 
returns to scale. Even if a general equilib- - 
rium calculation could be made, we would 
want to carry out our calculations in order to 
separate the total effect of tax policy into an 
incentive effect and an output effect. We 
have attempted to provide a method for 
measuring the incentive effect which will be 
useful in further-research in this area. 


TII. New Estimates of the Parameters 
of Investment Functions. 


Our earlier evaluation of the effects of tax 
policy on investment behavior was based on 
policy changes through 1963. Since 1963, a 
number of important changes in tax policy 
have taken place, providing a further oppor- 
tunity for evaluation of the responsiveness of 
investment expenditures to changes in tax 
policy. For this purpose we have re-estimated 
our model, using data that have become 
available since our earlier study. We have also 
revised our econometric technique to take 
account of recently developed methods for 
analysis of distributed lag functions. With 
these changes we obtain a new set of invest- 
ment functions for the non-farm sector of the 
United States. In the following section we 
employ these investment functions to eval- 
uate the effects of changes in tax policy that 
have taken place since 1963. 

Our basic econometric model is a dis- 
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tributed lag function in net investment and 
changes in desired capital: 


4 
N= bk Ke) H e 
T= 


where N; is net investment in period ¢, K* 
is desired capital, and e is a random error.!® 
Under the assumption that the production 
function is Cobb-Douglas in form, the desired 
level of capital is given by: 


* pi: 


Ct 





where æ is the elasticity of output with re- 
spect to capital, p: is the price of output, Q: 
the quantity, and c, the rental price of 
capital. ; 

The rental price of capital services de- 
pends on the tax rate #, the after tax rate of 
of return r, the investment goods price q, 
the rate of replacement ô: 


1—k— uz 
Ct a Oe); 
1—4 

where z is the discounted value of deprecia- 
tion allowances allowed for tax purposes and 
k is the investment tax credit. This formula 
is appropriate for the period after 1964 when 
the tax credit is not deducted from allowable 
depreciation. For 1962 and 1963 the appro- 
priate formula is: 


(1 = &) — us) 
aaa ee We 


fo g(r + ô); 


during these years the depreciation base was 
reduced by the amount of the investment tax 
credit. 

Through 1953 the rental price is that 
appropriate to straight line depreciation. 
Since 1954 the rental price is that appro- 
priate to the sum of the years’ digits depreci- 
ation.?? The investment tax credit was intro- 
duced in 1962 at a rate nominally equal to 7 


1 For further details, our paper [10], esp. pp. 392-98, 
may be consulted. 

* Depreciation under the sum of the years’ digits 
formula has a higher present value for the range of 
lifetimes and rates of return of interest for this study. 
See [10], Table 1, p. 395. 


percent of the value of investment in equip- 
ment. In practice, certain limitations on the 
applicability of the investment tax credit 
reduce its effective rate to 6 percent for 
manufacturing equipment and 5.8 percent 
for non-farm, non-manufacturing equip- 
ment. From October 1966 to March 1967 
the investment tax credit was suspended. 

We took the tax rate to be the statutory 
rate prevailing during most of each year. . 
We did not allow for excess profits taxes dur- 
ing the middle thirties or the Korean War. 
For all years we took the rate of return 
before taxes p to be constant at 20 percent. 
This value is higher than the value of 14 
percent used in our previous studies. The 
higher value is consistent with the results of 
Jorgenson and Griliches [15]. Under our as- 
sumption of a constant before-tax rate of 
return the after-tax rate r=(1—)p varies 
with the tax rate. The investment goods price 
is the same as that used to deflate investment 
expenditures in current prices and the rate of 
replacement is the same as that used to cal- 
culate capital stock. Estimates of lifetimes of 
assets allowable for tax purposes were ob- 
tained from a special Treasury study [24]. 
These estimates are the same as those em- 
ployed in our previous studies: 





Period Equipment Structures 
1929-54 17.5 27.8 
1955 16.3 25.3 
1956-61 15.1 22.8 
22.8 


1962-65 13.1 


New estimates of these lifetimes for recent 
years would require that the special Treasury 
study be updated. 

The statistical technique for fitting our 
econometric model to data on investment 
expenditures is described in detail in our 
paper, [12]. Briefly, we include a lagged value 
of net investment together with current and 
five lagged values of the change in the 
desired level of capital. The coefficient of 
lagged net investment in this first stage re- 
gression is interpreted as an estimate of 
autocorrelation. It is used to perform an 


1 These estimates of the effective rate of the tax 
credit are based on data from tax returns for 1963 [25]. 
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TABLE 3—Firren INVESTMENT FUNCTIONS, 1935-40 anp 1954-65, SECOND STAGE RESULTS 








Asset Class on EA aBs aBs Be R s d 

Mfg, f 

Equipment .0130 .0200 -0208 .0153 .0036 602 .620 2.099 
(.0047)  (.0034) —(.0040) (0040)  (.0053) 

Mfg. 

Structures -0041 -0082 -0093 0073 .0024 186 513 1.304 
(0033) (0030) (.0035) (.0032) (.0034) 

Non-farm, 

Non-mfg. .0374 .0282 0211 .0160 .0129 800 1.190 1.724 

Equipment (.0083) (.0038) (.0063) (.0047) (.0090) 

Non-farm, 

Non-mfg. .0059 .0105 .0118 .0098 .0046 .169 .506 1.825 

Structures (.0034) (.0032) (.0035) (.0031) (.0029) 





autoregressive transformation of net invest- 
ment and change in desired capital, which 
are then used in a second stage regression. 
In the second stage we impose the constraint 
that the lag coefficients lie on a parabola. 
The estimated lag functions and other re- 
gression results are given in Table 3. It 
should be noted that R? for these regressions 
is a measure of the degree of explanation of 
the autoregressively transformed values of 
net investment, and is therefore not com- 
parable to the R? in our earlier results. The 
overall goodness of fit as measured by the 
standard errors is superior to that of our 
previous investment functions for 1931-41 
and 1950-63 except for manufacturing 
structures. This improvement is mainly due 
to the change in time period and to revisions 
of the basic investment data; however, it is 
also partly due to the change in our specifi- 
cation of the distributed lag function. We 
have added three lagged changes in desired 
capital, which improves the results to some 
extent. 

The parameters of the distributed lag 
function {p} may be estimated by employ- 
ing the constraint that the sum of the coeffi- 
cients of this function must be unity to 
estimate the parameter a.” The resulting 
estimates are given in Table 4. The mean lag 


” For detailed discussion of this restriction and its 
use in estimation of the parameter a, see Jorgenson [13], 
pp. 135, 147-48. 


for each function is also given in Table 4. 
Comparing these mean lags with estimates 
from our earlier studies, we find that the new 
estimates were very similar for investment in 
equipment. The mean lag is now estimated to 
be slightly lower for manufacturing equip- 
ment and slightly higher for non-farm, non- 
manufacturing equipment. For structures, 
the new estimates differ substantially from 
the old. The old estimate of the mean lag for 
manufacturing structures was 3.84 years 
whereas the new estimate is 1.86; the old 
estimate of the mean lag for non-farm, non- 
manufacturing structures was 7.49 years 
whereas the new estimate is 1.92. For both 
sets of results the lags for structures are esti- 
mated to be longer than for equipment. 

A disturbing feature of our earlier results 
is that the lag pattern fails to agree with the 
substantial body of evidence from studies at 


TABLE 4—Fitrep INVESTMENT Functions, 1935-40 
AND 1954-65, DERIVED RESULTS 











Asset Class Mean Lag 4 
(years) 

Manufacturing Equipment 1.67 .0727 
Manufacturing Structures 1.86 .0312 
Non-farm, Non-manufacturing 

Equipment 1.47 . 1160 
Non-farm, Non-manufacturing 

Structures 1.92 0426 





Q: Estimate of the elasticity of output with respect 
to the capital input. 


x< 
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the level of two-digit industries by Jorgenson 
and Stephenson [14] and studies at the level 


of the individual firm by Jorgenson and? 


Siebert [16]. For manufacturing, Jorgenson 
and Stephenson estimate the average lag at 
about two years, while results from indi- 
vidual industries range from six to eleven 
quarters with results clustering in the 
neighborhood of the overall average. The 
results for individual firms are characterized 
by more variability than the results for 
industries, as would be expected. The aver- 
age lags estimated by Jorgenson and Siebert 
range from less than a year to over three 
years with values between one and two years 
predominating. “Mayer estimated a seven 
quarter average lag from the decision to 
undertake investment to the completion of 
the project for manufacturing and electric 
power combined on the basis of surveys [19]. 
We conclude that our new estimates agree 
closely with Mayer’s survey results and with 
estimates derived from investment functions 
for industry groups and for individual 
firms. Our previous estimates of the average 
lags for structures are evidently biased by 
specification errors in the underlying dis- 
tributed lag functions and should be re- 
placed by our new estimates. 


IV. The Impact of Tag Policy 
on Invesimeni Behavior. 


Two major changes in tax policy affecting 
investment behavior have been made since 
1963. First, in the tax cut of 1964, the 
corporate income tax rate was reduced from 
52 percent to 48 percent. At the same time, 
business firms were no longer required to 
reduce the base for depreciation by the 
amount of the investment tax credit. This 
alteration in the tax law substantially en- 
hanced the effectiveness of the investment 
tax credit adopted in 1962. A second change 
in tax policy is that from October 1966 to 
March 1967 the investment tax credit and 
certain types of accelerated depreciation 
were suspended. In the legislation imple- 
menting suspension of the tax credit, the 
period of suspension was to run from October 
1966 to December 1967. We analyze the 
effects of the suspension that actually took 


place and the hypothetical effects of a longer 
suspension, as stipulated at the time the 
suspension began. 

The qualitative features of the response of 
investment to a change in tax policy are 
essentially the same for all changes. To 
evaluate the effects of particular tax mea- 
sures it is useful to assess the response of 
investment quantitatively. Our calculations 
are based on a partial equilibrium analysis of 
investment behavior. We hold all determi- 
nants of investment expenditures except for 
tax policy equal to their actual values. We 
then measure the impact of tax policy by 
substituting into our investment functions 
parameters of the tax structure—tax rate, 
depreciation formulas, and tax credit— 
appropriate to alternative tax policies, The 
difference between investment resulting 
from actual tax policy and investment that 
would have resulted from alternative tax 
policies is our measure of the impact of tax 
policy. In our new calculations both invest- 
ment and capital stock are measured in 
prices of 1965. We estimate the impact of all 
changes in tax policy through 1970. In order 
to make these estimates, we employed a 
rough set of projections of the determinants 
of investment. No great precision was re- 
quired in these projections, since the esti- 
mates of the differential impacts of alterna- 
tive policies are not at all sensitive to the 
assumed level of investment.” 

In analyzing the effect of the tax cut, we 
assume that the before tax rate of return was 
left unchanged. Under this condition, the 
effect of a change in the tax rate on the 
rental price of capital services is neutral, 
provided that depreciation for tax purposes 
is equal to economic depreciation.* Under 
the conditions actually prevailing in 1964, 
depreciation for tax purposes was in excess of 
economic depreciation for both plant and 
equipment in manufacturing and non-farm, 
non-manufacturing sectors. Accordingly, the 
rental price of capital services resulting from 
the tax cut was actually greater than the 
rental price before the cut. Following are the 


2 Further details are given in [12], pp. 54-55, 
4 See Section 2 of our paper [12]. 
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TABLE 5. CHANGES IN Gross INVESTMENT (I), NET INVESTMENT (N), AND CAPITAL Stock (K) RESULTING FROM 
THE Tax Cur or 1964 Biplions of 1965 Dollars) 
















rental prices for 1965, the first full year of the 
tax cut: 


Without | With 
. + Tax Cut Tax Cut 

Manufacturing Equipment .296 ` .299 

Manufacturing Structures .237 .240 

Non-Farm, Non-Manufacturing ‘ 

Equipment 352 355 
Non-Farm, Non-Manufacturing . 

Structures 247 .250 


Our estimates of the decrease in net invest- 
ment, gross investment, and capital stock 
resulting from this change are given in 
Table 5. In general, the effects of the rate 
reduction are small and negative. It should 
be emphasized that these estimates are 
conditional on the level of output actually 
resulting from the tax cut; quite clearly the 
overall effect of the tax cut was to stimulate 
investment by increasing output. A second, 
little noticed change in tax policy in 1964 
was the repeal of the Long Amendment; after 
repeal, the tax credit was no longer deducted 
from the depreciation base for tax purposes. 
This change raises the effective rate of the 
tax credit to almost 10 percent as compared 
with approximately 6 percent under the 
Long Amendment. The rental price of capi- 
tal services for equipment in 1964 with and 
without repeal of the Long Amendment are: 


With Without 


Long Long 
Amend- Amend- 
ment ment 
Manufacturing Equipment .302 . 293 


Non-Farm, Non-Manufacturing 
Equipment 363 352 


Non-Farm, 
Non-Manufacturing 


Equipment ‘Structures 
I N K 


Estimates of the increase in net investment, 
gross investment, and capital stock resulting 
from this change are given in Table 6. 

These increases are quite substantial. The 
peak effect for manufacturing equipment 
took place in 1965 at which time the net 
investment in equipment attributable to the 
repeal was 10.4 percent of total net invest- 
ment. In the non-farm, non-manufacturing 
sector, the peak effect in 1964 was over a 
billion dollars and accounted for 16.3 per- 
cent of net investment in equipment in that 
sector. Once again, a dip in the effect of this 
policy change can be seen in 1966-67 and one 
or two years after, resulting from the sus- 
pension of the investment credit. The lag 
structure in the non-manufacturing sector 
makes the dip much more noticeable there 
than in the manufacturing sector. 


TABLE 6—CHANGES IN Gross INVESTMENT (I), Ner 
INVESTMENT (N), and CAPITAL Stock (K) RESULTING 
FROM THE REPEAL OF THE LONG AMENDMENT 
(Billions of 1965 Dollars) 


Manufacturing Non-Farm, 
; Non-Manufacturing 
Year Equipment Equipment 
N K 
1964 .042 1.042 0 
1965 .958 .758 1.042 
1966 .706 .360 1.800 
1967 .750 .335 2.160 
1968 .021 541 2.495 
1969 .761 177 3.036 
1970 .792 174 3.213 





d 
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TABLE 7—CHANGE IN Gross INVESTMENT (I), NET Investwent (N), AND CAPITAL Stock (K) RESULTING FROM 
SUSPENSION OF THE INVESTMENT TAX CREDIT FOR EQUIPMENT AND ACCELERATED DEPRECIATION FOR STRUCTURES 
From OCTOBER 10, 1966 To Marca 8, 1967 (Billions of 1965 Dollars) 

















Manufacturing 
Year 
1966 177 —.177 — .046 — .046 
1967 —.271 —.245 —.177 | —.089 —.086 — 
1968 —.153 —.091 —.422 | —.060 —.052 — 
1969 —.009 .066 —.513 011 .012 — 
1970 .157 .223 — .447 .074 = .075 











Non-Farm, 
Non-Manufacturing 


















— .762 — .762 119 —.119 
.046 | —.599 —.452 —.762| —.200 —.192 —.119 
132 069 .303 —1.214] —.126 —.104 —.311 
184 .051 .226 —.911| —.011 .018 —.415 
.018 .150 —.685) .111 .139 —.397 


TABLE 8—CHANGE IN Gross INVESTMENT (1), Ner InvestmaænT (N), AND CAPITAL Stock (K) RESULTING 
FROM HYPOTHETICAL SUSPENSION OF THE INVESTMENT Tax CREDIT FOR EQUIPMENT AND ACCELERATED DEPRE- 
CIATION FOR STRUCTURES FROM OCTOBER 10, 1966 To Decewper 31, 1967 (Billions of 1965 Dollars) 





Manufacturing 
Year 
Equipment Structures 

I N K I N K 
1966 | —.177 —.177 0 —.046 —.046 0 
1967 | —.872 —.846 — .177 | —.250 —.247 —.046 
1968 | —.567 —.416 —1.023 | —.234 —.216 —.293 
1969 | —.181 .031 —1.439 | —.063 —.032 —.509 
1970 .270 = .477 —1.408 .117 .152 —.541 


In 1966, an important objective of eco- 
nomic policy was to restrain investment. 
After a number of alternative changes in 
tax policy were considered and rejected,* the 
investment tax credit for equipment was 
suspended beginning October 10, 1966; at 
the same time, accelerated depreciation for 
structures was replaced by 150 percent 
declining balance depreciation. In the origi- 
nal legislation implementing these changes in 
tax policy, the suspension was to remain in 
effect until the end of 1967, a total period of 
almost fifteen months. The suspension was 
lifted on March 9, 1967, so that the total 
period of suspension was a little less than 
five months. The effect of the suspension on 
the annual rental price of capital in 1967 was 
the following: 


% Policies under consideration during early 1966 and 
their potential impact on investment expenditures are 
discussed in our earlier study [11]. 








Non-Farm, 
Non-Mannfacturing 





— .762 — .762 0 —.119 —.119 0 
—3.190 —3.043 — .762 | —.614 —.606 — .119 
208 -940 ~—3.805 | —.475 —.425 — .725 
171 .722 —2.865 | ~.154 —.074 —1.150 
093 .505 —2.143 .193 .278 —1.224 
Without With 
Suspen- Suspen- 
sion sion 
Manufacturing Equipment .320 .351 
Manufacturiog Structures .259 .276 
Non-Farm, Non-Manufac- 
turing Equipment .379 .414 
Non-Farm, Non-Manufac- 
turing Structures .270 .287 


Our estimates of the effects of the suspen- 
sion on net investment, gross investment, 
and capital stock are given in Table 7. 

For all categories of assets, the suspension 
had a restraining effect on the level of invest- 
ment in 1967. We estimate that this efect 
continued into 1968 for all assets except non- 
farm, non-manufacturing equipment. For all 
classes of assets, the restoration of the origi- 
nal tax credit for equipment and accelerated 
depreciation for structures will result in a 
stimulus to investment in 1969 and 1970. 
For no class of assets is the level of capital 
stock as high at the end of 1970 as it would 
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have been in the absence of the suspension. 
The. total gross investment for the five year 
period 1966-70 is considerably lower than it 
would have been in the absence of the five 
month suspension. 

If the suspension of the investment tax 
credit for equipment and accelerated depreci- 
ation for structures had continued for fifteen 
months, the impact on the level of invest- 
ment would have been much more sub- 
stantial. Our estimates are given in Table 8. 
For investment in structures the restraining 
effect of the suspension would have continued 
into 1969, although the impact would have 
been very slight in that year. For investment 
in equipment as well as for structures the 
magnitude of the impact would have been 
much greater, As a result the stimulus from 
restoration of the tax credit and accelerated 
depreciation would have been correspond- 
ingly increased. 
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ALTERNATIVE INTEREST RATES 
AND THE DEMAND FOR 
“MONEY: COMMENT 


By Harvey GALPER* 


In a recent issue of this Review, T. H. Lee 
[3] examined the influence on the demand 
for money of the interest rate paid on savings 
and loan (S and L) shares. His regressions 


* The author is at the Board of Governors of the 
Federal Reserve System. He would like to thank Frank 
de Leeuw and Edward Gramlich for their helpful com- 
ments in the preparation of this note. 


revealed a strong effect of the S and L rate 
on holdings of money. Furthermore, the S 
and L rate had a stronger influence than all 
other rates examined, and, on an annual 
basis at least, complete adjustment of the 
actual to the desired money stock was found 
when the S and L rate was used. These find- 
ings imply strong substitution effects be- 
tween holdings of money and savings and 
loan shares and call into question Friedman’s 
[5] notion of the money stock which assumes 
that time deposits at commercial banks are 
the closest substitute to money proper. 

Lee’s conclusions, however, are based on 
only fifteen annual observations, and, in 
several instances, he mentions that the lack 
of quarterly data prevents the development 
of a more thorough analysis.! By interpolat- 
ing semiannual data from the Federal 
Home Loan Bank Board (FHLBB), I have 
been able to develop a quarterly series on 
savings and loan rates for the period 1956- 
66. This series has then been applied in re- 
gressions similar to Lee’s to see if his results 
would be changed by the use of quarterly 
data. By and large his conclusions have been 
confirmed, although quarterly data allow a 
more precise investigation of the lag struc- 
ture in adjusting actual to desired money 
holdings. 

In the following sections of this note, I 
shall first present the technique for deriving 
the quarterly savings and loan rate, along 
with the resulting series, and then shall 
present the regression results based on the 
interpolated quarterly series. 


I. Derivation of a Quarterly Series on 
Interest Rates Paid on Savings and 
Loan Shares? 


For the six month periods ending in June 
and December of each year, 1956-65, the 
Federal Home Loan Bank Board has pre- 
pared data on the average interest rates 
paid by all insured savings and loan associa- 
tions. These rates are the advertised rates of 
each institution weighted by the savings 
capital held by the institution at the end of 

1 [3, for example, p. 1177 and fn. 11, p. 1178}. 


2 This section, in particular, owes much to discus- 
sions with Frank de Leeuw. 
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TABLE 1—INTEREST Rates PAID on SAVINGS AND LOAN 
SHARES, SEM-ÅNNUALLY 











Semi-annual S and L 
Period Rate 
1956-1 3.07 
1956-11 3.18 
1957-I 3.31 
1957-I 3.43 
1958-I 3.50 
1958-IT 3.48 
1959-I 3.54 
1959-IT 3.74 
1960-1 3.98 
1960-0 4.02 
1961-1 4.03 
1961-IT 4.06 
1962-1 4.19 
1962-11 4.24 
1963-I 4,28 
1963-11 4.27 
1964-1 4.29 
1964-11 4.31 
1965-1 4.32 
1965-IT 4,33 
1966-I 4,38 
1966- 4.65 


Source: Federal Home Loan Bank Board. 


the period. For 1966, these rates were not 
released in the same format but could be 
calculated from Table 2 of the FHLBB pub- 
lication of June 1967, Dividend Rates and 
the Siructure of Savings Accounts? The semi- 
annual series so derived is presented in 
Table 1. 

A regression equation was then employed 
to interpolate quarterly these semiannual 
observations. The interpolation ` equation 
was derived from a postulated rate setting 
function on the part of savings and loan 
associations, In terms of a rate adjustment 


3 In contrast to the earlier series, however, this pub- 
lication uses January and July as the two reporting 
dates for the first and second half of the year. 


process, it is assumed that the S and L rate 
is changed in each quarter so as to eliminate 
a fraction, k, of the difference between the 
desired S and L rate, R*, and the previous 
period’s rate, R,_,. Thus, 


(1) AR, = RIR: Fi R,_,). 


The association’s desire for stability in 
interést rates paid as well as the effect of 
aggregation across all institutions prevents 
the adjustment from being made completely 
within one quarter. 

It is then hypothesized that the desired 
rate, R*, is a function of Rẹ and Ra, where 
the former is the interest rate paid on 
mortgages, the dominant asset in the S and 
L’s portfolio, and the latter is the rate paid 
by a competing financial institution, in this 
case commercial bank time deposits. Thus, 


(2) Rp = a9 + Ra + GR. 


Furthermore, the adjustment to a change in 
the time deposit rate is assumed to be ac- 
celerated by a change in the maximum rate 
payable on time deposits under regulation 
Q. This last variable, ARmas, is therefore an 
impact variable; which does not affect the 
desired S and Z rate but merely the speed 
with which it is attained.4 Substituting (2) 
into (1) and adding ARmaz yields the follow- 


t The maximum rate payable on time deposits is 
likely to be an argument in most functions explaining 
the time deposit rate. See, for example, Patric Hender- 
shott [4]. Therefore, one may question the inclusion 
of the change in this maximum rate along with the time 
deposit rate itself in deriving the S and L rate. The 
reasons for so doing are as follows. The largest and most 
abrupt changes in Ru occur after maximum rates have 
been raised, since commercial banks are then able to 
offer the time deposit rates they wish given their own 
portfolio structures and the prevailing pattern of market 
interest rates. At these times, S and L’s must respond 
to the changes in Rø more quickly than they would 
otherwise do if they are to retain their competitive 
advantage in interest rates paid. Furthermore, the 
announcement effects associated with changes in the 
maximum rate tend to elicit faster S and L reactions. 
Indeed, as equation (9) indicates, R, normally moves 
quite slowly in response to Rig, and the inclusion of 
Reas has the effect of accelerating this response. It 
should be noted that the normal speed of adjustment of 
R, in response to Ra is not significantly altered when 
ARaes is omitted from the equation. 
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ing quarterly equation: 
AR, = kao + haiRn + kaaRu 
+ a3ARmas — kRs_, 
or, solving for Ry, 
R: = kayo + RaiRe + hagRua 
+ asARmos + (1 — &)R_, 


This equation cannot be estimated as it 
stands since only semiannual data for R, 
are available.’ It can, however, be put into a 
form capable of estimation, but first let us 
make the following substitutions: 


(3) 


(4) 


ao = Rao 
ay = ka, 
a, = kaz 
ay = l3 
B=(1—8&) 


Solving for R,_, in terms of R,_, and substi- 
tuting into (4) yields 


R, = ao + aiken + @2Rig + ash Riaz 
(5) + Bao + BæariRnı + BaRa, 
+ BasARaar_, + BRs a 


The corresponding equation for the lagged S 
and L rate is: 


Re, = æ + aiRa + a2Ria_y 
+ a@sARmaz_, + Bao + Baikm_, 
+ BaRa, + BoxsARmaz_y 
+ BR. 


The semiannual S$ and L rate is then the 
average of equations (5) and (6), and the 
change in this rate is 


R, + Ri Ri, es Ry, 
2 2 


(6) 


Letting the subscript 6¢ represent the current 
semiannual rate and 3¢ the current quarterly 
rate, we may represent the change in the 6 


5 Rig is available in quarterly form as a result of inter- 
polations performed by Hendershott [4]. Rig has been 
used not only to interpolate the semi-annual S and L 
tate but also directly in the regressions of Section IT. 


month’ S and L rate, AR,,,, as follows: 
ARs = ao(l + 8) + al Rea 
+ (1+ 6)Rrmgea + BRemae-s]/2 
+ aa[Reay + (1 + 8) Rian 
+ BReaya\/2 + o3[ARnosn 
+ (1 + B)ARnasae—1 
+ BARmasys|/2 
+ (6? — 1) Rag 


This equation may now be estimated by 
assuming some £ so as to derive the variables 
in brackets. Since it is unlikely that the 8 so 
assumed will equal the 8 as estimated from 
the coefficient of the lagged semiannual S$ 
and L rate in the regression equation, an 
iterative procedure was used. First a 6 equal 
to 1 was assumed in deriving the bracketed 
variables. From the resulting regression 
equation, 8 was calculated as the square 
root of 1 plus the coefficient of the lagged S 
and L rate. This 8 was then used in calculat- 
ing the bracketed variables for the next run 
and so on. After three iterations, the A’s 
converged with a value of .829. The resulting 
equation is as follows: 


AR,,, = — -6828 + .1495[Rn]/2 
(2.1573) (5.0979) 


+ .0671[Rial/2 


(7) 


@) (2.6374) 
+ .0898[ARmaz|/2 — .3128Rege_y 
(1.5191) (4.1023) 


R? = .6309 S.E. = .0492 D.W. = 1.5132. 


In equation (8), the numbers in parentheses 
are /-ratios and the bars over the variables 
denote weighted averages of the current 
and lagged values as shown in (7) with 8 
equal to .829, Equation (8) may then be put 
in terms of equation (4) as follows: 


Rey = — 3733 + -1495 Rau 
(9) + «0671 Rra + -0898AR muzi 
+ .8290Rsu i 


According to this equation, .1710 of the dis- 
crepancy between the actual and the desired 
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TABLE 2—INTERPOLATED SERIES ON INTEREST RATES 
Pam on SAVINGS AND LOAN SHARES 











Sand L Sand L 
Quarter Rate Rate 
Unadjusted Adjusted 

1956-I 3.07 3.06 
it 3.07 3.08 

Tit 3.08 3.14 

IV 3.16 3.22 
1957-1 3.24 3.29 
sas 3.31 3.34 

M 3.39 3.40 

IV 3.47 3.46 
1958-I 3.54 3.50 
II 3.55 3.50 

W 3.56 3.47 

IV 3.58 3.49 
1959-1 3.62 3.52 
i 3.65 3.57 

w 3.70 3.67 

Iv 3.78 3.81 
1960-1 3.87 3.94 
m 3.94 4.02 

OI 4.01 4.02 

IV 4.05 4.03 
1961-1 4.09 4.03 
Ir 4,09 4.03 

peal 4,10 4.05 

IV 4,10 4.06 
1962-1 4,20 4.18 
sal 4.21 4,20 

W 4.22 4.23 

IV 4.23 4.25 
1963~I 4.23 4.29 
It 4.23 4,28 

sant 4,23 4.27 

IV 4.23 4.27 
1964-I 4.23 4.29 
Ir 4.24 4.30 

OI 4.24 4.30 

IV 4.26 4.31 
1965-1 4.28 4.32 
sal 4.29 4.32 

mm 4.30 4.32 

IV 4.34 4.33 
1966-1 4.41 4.34 
II 4.49 4,42 

It 4.60 4.59 

Iv 4.72 4.71 


savings and loan rate is eliminated each 
quarter, and in the steady state® 


R, = — 2.1830 + .8743Ra + .3924R a. 


Equation (9) was then used to derive a 
quarterly S and L rate series from 1956 to 
1966 by first assuming an initial lagged rate 
such that it and the first calculated rate 
averaged to the actual first half of 1956 S 
and Z rate and by then allowing the equa- 
tion to generate its own lagged values 
through time. The resulting quarterly series 
was then adjusted slightly so that every pair 
of successive quarterly values averaged to 
the semiannual rates presented in Table 1.7 
Table 2 presents the quarterly S and L rate 
both before and after this adjustment.’ The 
adjusted series was then used to estimate 
some of Lee’s equations on a quarterly basis 
as discussed in the following section. 


II. The Demand for Money Using 
Quarterly Savings and Loan Rates 


Two basic forms of a money demand 
equation were estimated by Lee. One relates 
the current quarter’s money holdings to 
permanent income and interest rates and 
assumes no lags in the adjustment of actual 
to desired holdings. In multiplicative form, 


* Although equation (9) was developed primarily to 
interpolate quarterly a semiannual interest rate series, 
it should have some economic significance in its own 
right as a rate setting function on savings and loan 
shares. In this connection, the fairly slow speed with 
which R, moves implies that flows into S and L’s are 
likely to be quite volatile as market interest rates 
change, a conclusion supported by the experience of 
1966 and 1967. Also, the steady state properties of R, 
imply that a simultaneous increase of 1 percent in both 
Ra and Re will yield, ultimately, an increase of about 
1-1/4 percent in R,, a not unreasonable result. Al- 
though not considered in this note, the effects of the 
maximum rates which may be paid on savings and loan 
shares, first established in September, 1966, should be 
examined for interpolating beyond 1966. 

7 The adjustment process involved first plotting the 
calculated rate/actual rate ratios for each semiannual 
period and then drawing a free hand polynomial through 
the plots to develop quarterly correction factors such 
that when these were applied to the original quarterly 
results, the relevant quarterly values averaged to the 
actual semiannual values. 


8 The mean absolute difference between the unad-, 


justed and the adjusted series is .0430 and that be- 
tween the changes of the two series is only .0209. 


~a 


ál 
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(10) M =a YG R, 


where M is current money holdings, Y, is 
permanent income, and R is an interest rate 
variable. 

The other formulation is a multiplicative 
version of a stock adjustment approach to 
the demand for money. Thus, 


(11) M/M = (M*/M-_1)*, 


where M, Mı, and M* are, respectively, 
this period’s money holdings, last period’s 
money holdings, and desired money holdings. 
It is further specific that 

(12) M= a YER. 

Lee estimated both formulations by log- 
linear regressions. The regressions reported 
below are of this same type, but before dis- 
cussing these results, some differences be- 
tween Lee’s data and those used here should 
be mentioned.? First, the S and L rate used 
here is an advertised rate rather than an 
effective rate as in Lee’s work. Secondly, our 
money stock series is an average of the two 
months surrounding the end of the quarter 
rather than of the three months within the 
quarter. Thirdly, we have used interest rate 
levels rather than differentials, and finally, 
our permanent income series is a weighted 
average of past levels of GNP where the 
weights are quarterly approximations to the 
annual ones employed by Friedman [5, pp. 
337-38] in computing his permanent income 
concept.? Following Lee, all dollar values 
are in real per capita terms." 

Regressions were run using the S and L 
rate, the time deposit rate, and both to- 


? With the exception of the § and L rate, all the data 
used here are taken from the data bank of the Federal 
Reserve-MIT econometric model. See Frank de Leeuw 
and Edward Gramlich [2]. 

10 For an example of the use of this variable, see 
Frank de Leeuw [1, p. 468]. 

Thus, in the regressions shown, M =real per capita 
holdings of demand deposits and currency; R= the 
quarterly interest rate paid on savings and loan shares; 
Rig=the quarterly interest rate paid on commercial 
bank time deposits; Yp=real per capita permanent 
GNP with current rather than permanent prices used 
as deflators. 


gether. Table 3 presents the equations in- 
volving no adjustment process, and Table 
4 presents the stock adjustment results, 
Table 3 illustrates clearly the much higher 
elasticity of the S and L rate than of the 
time deposit rate as well as the greater sig- 
nificance of the former. Furthermore, when 
both rates appear, the coefficient of the time 
deposit rate changes considerably and loses 
its significance.” 

The same story is told by Table 4. More- 
over, the speed of adjustment is much greater 
with the S and L rate than with the time 
deposit rate. Equation (4.1) reveals that in 
each quarter, the increase of M over M-i 
eliminates over 60 percent of the percentage 
difference between M* and Mı, a rapid 
rate of adjustment indeed. Nevertheless, 
the adjustment is not immediate. To com- 
pare the speeds of adjustment found in the 
quarterly equations here with those of Lee’s 
annual equations, it is necessary to take the 
average speed of adjustment of four succes- 
sive quarters. When this is done, equation 


8 In an attempt to eliminate the effects of serial 
correlation, the regressions in Table 3 were transformed 
by a Cochrane-Orcutt auto-regressive scheme in which 
it is assumed that the error in period #, us is serially 
correlated with the error in period #— 1 and that the re- 
maining error is independently distributed, ie., t 
mutate This transformation removed the serial 
correlation in regressions (3,1) and (3.3), but the co- 
efficients of the variables did not change very much. In 
the case of (3.2) the coefficients changed considerably, 
but the Durbin-Watson statistic still was too low to be 
acceptable. 

43 An auto-regressive transformation as discussed in 
the previous footnote was also applied to the regressions 
of Table 4. Only in the case of regression (4.2) were the 
results significantly different, and they are reported 
here: 


M = .8626 + .1351 F, — .0616Ru 


(1.0092) (1.3065) (1.9526) 
(4.28) + .7189M_1 + 683441 
(8.3200) 


R? = 9840 S.E. = 0055 DW. =1.811 


The evidence of a lagged independent variable in the 
regressions of Table 4 may call into question the use of 
this transformation. However, for a similar use of this 
transformation see de Leeuw and Gramlich [2, p. 31, 
equation 6]. 

M4 This, rather than the total adjustment after four 
quarters, yields the proper measure for comparison with 
Lee inasmuch as Lee’s equations are based on annual 
averages and not end of year levels. 
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Tase 3—ReEGRESSION Equations* (No lag in adjustment of M) 























Const. Y, Ra R S.E. DW. 
(3.1) Mm 3.4573 + 5092 — .6023 — .9862 .0056 «7854 
(18.2926) (19.6334) (44.1025) 
(3.2) M= 1.1707 +  .7327. — .2972 8750 -0167 3391 
( 1.5445) ( 7.4266) (13 .3323) 
(3.3) M= 3.0712 + 5531 — 5496 — .0321 9872 0053 8537 
(11.7167) (16.7987) (19.0058) ( 2.0475) 
a t-values in parentheses 
TABLE 4— REGRESSION EQUATIONS? (Lag in adjustment of MY 
Const. Y, R Rig Mi R S.E. D.W. 
(4.1) M= 2.0647 +.30%46 — 3489 — -+.3997 .9938 0037 1.6049 
(8.8402) (9.0531) (9.4772) ( 7.1090) 
(4.2) M= .4664- +.0437 — — .0141 +.8796 .9800  .0067 .9043 
(1.5190) ( .7134) ( .6627) (14.6988) 
(4.3) M= 2.0578 + .3080 — .3484 — .0014 + .3968 -9936 .0038 1.5993 
(8.4376) (6.8714) (9.2866) ( .1167) ( 6.3975) 


a ł-values in parentheses 


(4.1) yields an average annual speed of ad- 
justment of 83.2 percent of the change in 
M*, which is close to, but less than the com- 
. plete adjustment that Lee finds. 

Lee’s conclusions are thus seen to be con- 
firmed. Savings and loan shares appear to be 
closer substitutes for money than do time 
deposits, and Freidman’s broader concept of 
money which includes time deposits but not 
savings and loan shares may be inappropri- 
ate, at least for the postwar period. Also, 
when the interest rate paid on S and L shares 
is used in a demand for money equation, dis- 
crepancies between desired and actual 
money holdings are eliminated more rapidly 
that when the time deposit rate is used. 

It should be pointed out however, that 
in the context of a complete model of the 
financial sector, the apparent greater speed 


18 This was found by introducing a one-shot 10 per- 
cent change in M* in the equation M/MM_1=(M* 
/M_1)-* and then solving for M for four successive 
quarters. The difference between the average M and the 
base period M was then expressed as a percentage of the 
change in M*. 





of’adjustment of money holdings using the 
S and L rate may not be borne out. As 
equation (9) indicates, the S and L rate it- 
self adjusts rather slowly to other interest 
rates, Thus, the rapid adjustment of money 
holdings to the S and L rate is at least par- 
tially offset by the sluggish response of that 
rate to the more direct influences of mone- 
tary policy. It is an open question whether 
equilibrium in financial markets is achieved 
more quickly with fairly rapid adjustments 
of asset holdings to slowly moving rates, or 
slower adjustments of asset holdings to 
more rapidly moving rates. Simulations of 
financial models under these two sets of con- 
ditions could shed much light on this matter, 
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ALTERNATIVE INTEREST RATES 
AND THE DEMAND FOR 
MONEY: COMMENT 


By MICHAEL J. HAMBURGER* 


In his recent study of the influence of 
various interest rates on the demand for 
money, T. H. Lee [15] finds that the most 
important determinants of the aggregate 
demand for money (defined either to include 
or to exclude time deposits) are permanent 
income and the differential between the yield 
on savings and loan shares and the yield on 
money. Other variables which were con- 
sidered but did not contribute to the ex- 
planatory power of the model are the lagged 
stock of money and the differentials be- 
tween the yields on various types of market- 
able securities—short-term bonds, long-term 
bonds, equities—and the yield on money.! 

On the basis of these results, Lee con- 
cludes that “ . . . no matter which definition 
of money is used, the demand for money is 
highly sensitive to changes in the yield on 


* The author is special assistant, Federal Reserve 
Bank of New York, He wishes to thank Anne Roach for 
her excellent assistance and Tong Hun Lee for supply- 
ing most of the data used in the study. 

The views expressed are those of the author and do 
not necessarily reflect those of the Federal Reserve 
Bank of New York. 

1 When the narrow definition of money is employed, 
the differential between the yield on time deposits and 
the yield on money has a modest effect on the demand 
for money, but the elasticity of this rate is smaller than 
that of the savings and loan rate. 


savings and loan shares, and savings and 
loan shares are the closest substitutes for 
money...” [15, p. 1175]. In this com- 
ment it is shown that Lee’s findings depend 
critically on the use of interest rate differen- 
tials. Once this procedure is abandoned and 
the yield on money is introduced as a sepa- 
rate variable, there is little evidence that 
savings and loan shares are closer substitutes 
for money (narrowly defined) than other 
assets.? In addition, the demand for money 
appears to adjust more slowly to changes in 
the yield on savings and loan shares than to 
changes in other rates. 


I. Empirical Results 


Most of the data used in the study were 
supplied by Lee and are identical to those 
used in his analysis. The only important 
modifications are: (1) the introduction of 
russ, the yield on mutual savings bank de- 
posits, and three additional measures of the 
yield on bonds (rs)—the rate on U.S. 
Treasury bills (reg, a short-term rate), 
Moody’s Aaa rate on long-term corporate 
bonds (f4aa), and the rate on long-term U. S. 
Government bonds (ros); (2) the use of 
both current and lagged values of the inde- 
pendent variables and (3) the use of a sepa- 
rate variable for each interest rate, includ- 
ing the yield on money, instead of interest 
differentials. Moreover, only the traditional 
definition of money (demand deposits plus 
currency) is considered.? The symbols used 


2 Similar results are reported in Hamburger [10, 11]. 
Some of the difficulties associated with using interest 
rate differentials are discussed in [11]. 

3 The reason generally given for including time de- 
posits in the definition of money is that they are much 
closer substitutes for demand deposits and currency 
than are other assets. However, as both Lee’s results 
and those shown below indicate, this hypothesis is not 
supported by the evidence, Questions may also be 
raised concerning the specification of a number of the 
variables listed below. Meltzer [17] argues, for example, 
that it may not be strictly appropriate to deflate vari- 
ables valued in dollars, Le., money and income, by 
population. Such a procedure assumes that the demand 
function for money is homogenous of the first degree in 
population alone and disregards the effects of other 
variables, such as the distribution of population be- 
tween urban and rural areas. There is also the question 
of a appropriateness of using total service charges di- 
vided by average demand deposit balances as the yield 
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TABLE 1—LOG-LINEAR REGRESSION EQUATIONS FOR Money Derrvep as Demanp Deposits Pius CURRENCY: 
ANNUAL Data, 1951-65 (statistics in parentheses) 





(1) M'=3.354+.536¥p— .634 (rsn—ru) 
(6.18) (19.41) 


(2) M’=3.05+ .501¥p+ .156ry— .374rsz 
(7.76) (4.44) (5.25) 


(3.1) M’=2.28-+ .596¥ p+ .226ru— .118rarsp— .022rop— .088rz— .208rg1_1 
(6.01) (5.86) (1.74 (2.38) 


(3.2) M’= 2.244.597 p+ .234ru— .132russ— -Oi4rrao— .092re— .185¢9n-1 
(5.49) (5.62) (1.80) (1.84) 


(3.3) M'=3.18+ 485 V p+ .216rap— .093rusa— .083r4aa— .O91ra— 2171 rgr1 
(4.93) (5.81) (1.39) (2.71) 


(3.4) M’=2.97+ .505Vp-++ .232ry— .100rusn— .070rgs— .097rg— .156rsr-1 
(5.00) (6.17) (1.45) (2.45) 


(3.5) M'=2.69+ .533¥ p+ .244ru— .11irusn— .049r29— -087re— .137rsL-1 
(4.71) (5.78) (1.40) (1.67) (2.96) (2.07) 


R 
3 DW 
9881 
0092 1.58 
.9935 
0067 2.50 
.9949 

(3.37) (3.15) .0060 2.21 
.9931 

(3.22) (2.66) 0066 2.15 
.9955 

(3.72) (3.00) .0056 2.41 
9951 

(3.77) (2.67) .0059 2.27 
.9935 
.0067 2.65 


Note: The subscript (— 1) associated with the yield on savings and loan association shares, rsz, indicates that this 


series is lagged one period. 


are as follows: 


M’'=Per capita currency and demand 
deposits held by the public in real 
terms. 

Yp=Friedman’s permanent per capita 
net national product in real terms. 

ru=the yield on money, a weighted 
average of the yield on demand 
deposits (the negative of service 
charges) and currency (zero). 

ry =the yield on commercial bank time 
deposits. 

rsz= the yield on savings and loan asso- 
ciation shares. 

rugn=the yield on mutual savings bank 
deposits. 

rop=the yield on four- to six-month 
commercial paper. 

try =the yield on three-month Treasury 
bills. 

:9= the yield on twenty-year corporate 
bonds. ` 


on demand deposits. Brainard [1] argues that this is a 
very poor proxy for the marginal return to increased 
holdings of demand deposits. 


Taa = Moody’s Aaa rate on long-term 
corporate bonds. 

ryg = the rate on long-term U. S. Govern- 
ment bonds. 

rx = Standard and Poor’s dividend yield 

on common stocks. This is the same 
series as used by Lee, although he 
refers to it as Moody’s. 


Table 1 records the results for several log- 
linear regressions fitted to annual observa- 
tions of the variables for the period 1951-65. 
The numbers in parentheses are ¢-statistics, 
R? is the squared multiple correlation coeffi- 
cient adjusted for degrees of freedom, S is 
the adjusted standard error of the regres- 
sion, and DW denotes the Durbin-Watson 
statistic. 

Equation (1) reproduces the results ob- 
tained by Lee for his equation (1.2).4 This 
relationship implies that the logarithm of 
real per capita money balances is linearly re- 


4 Since the data used to compute this regression are 
the same as those employed by Lee, the differences in 
the results may be attributed to rounding errors. 
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lated to the logarithm of the difference be- 
tween the yield on savings and loan shares 
and the yield on money, and the logarithm of 
real per capita permanent income. A com- 
parison of these results with those for equa- 
tion (2), which separates (rsz—rm) into its 
two components, clearly demonstrates the 
disadvantages of using interest rate differ- 
entials in the present context. The standard 
error of equation (1) is approximately 40 per- 
cent greater than the standard error of 
equation (2). 

An additional reason for questioning the 
usefulness of interest rate differentials is 
provided by equations (3.1) through (3.5), 
which include several yields and differ 
among themselves only in terms of the speci- 
fication of the yield on bonds. They indicate 
that for the period 1951—65 it is possible to 
isolate, in addition to ry, at least three and 
perhaps four interest rates which have a 
significant effect on the demand for money, 
namely, the yields on bonds, equities, sav- 
ings and loan shares, and mutual savings 
bank deposits.’ 

The results also bear on the question of 
the substitution relationships between money 
and other assets. First, there is little evidence 
to support the view that short-term interest 
rates are better indicators of the opportunity 
cost of holding money than long-term rates.® 
Although the differences in the estimates of 
R? for equations (3.1) through (3.5) are 
fairly small, the highest value (.9955) is ob- 
tained when the yield on bonds is measured 
as Moody’s Aaa rate on long-term corporate 
bonds.” In addition, the results provide some 
confirmation for my earlier finding [10] that 
long-term bonds are not much closer substi- 


£ The symbol rgz_1 is used to reflect the fact that the 
highest values of K? are obtained when the yield on 
savings and loan shares is lagged one period. Similar lags 
were tried for each of the other independent variables, 
but they did not improve the statistical fit of the equa- 
tions. 

® Among those who take this view are Heller [13], 
Laidler [14], and Teigen [20]. 

1 In view of the extremely close correspondence which 
has been observed between short- and long-term rates in 
most studies of the term structure of interest rates 
{12, 18, 19], it is not at all surprising that both rates 
work almost equally well in explaining the demand for 
money. The poor performance of the twenty-year bond 


tutes for money than equities. On the mar- 
gin, equal percentage changes in the yields 
on these assets will set off similar shifts be- 
tween money and bonds and between money 
and equities. 

The yield on commercial bank time de- 
posits was also included in the equations. 
However, as is suggested by the sample re- 
sults shown below, the addition of this vari- 
able introduces a considerable amount of 
multicolinearity without altering any of the 
major conclusions of the paper. 


(3.6) M' = 2.50 + .567Y p — .277rx 
(5.45) (4.18) 


=, .153r 35B ma 028rcp 
(1.97) (2.48) 


u .116rg E .224rsr yt 056r r 
(2.97) (3.27) (0.95) 


R? = .9948 S = .0060 DW = 2.08 
(3.7) M’ = 3.32 + 473V p — .223ry 


(4.64) (5.70) 
aa 094r 4 sB api 0957 Aaa 
(1.38) (2.72) 
ie .094r g = .225rgr—1 
(3.70) (2.48) 

+ 032r r1 
(0.78) 


R? = 9952 S = .0058 DW = 2.70 
(3.8) M’ = 3.15 + .492Y p — .243ry 


(4.78) (6.12) 
zm -102racgp — O86rus 
(1.45) (2.56) 
pres .102r g ena .224rs 1—1 
(3.85) (2.39) 
+ 042r r 
(0.93) 


R? = .9948 S = .0060 DW = 2.57 


All variables are in natural logarithms and 
figures in parentheses are /-statistics. Sim- 
ilar results are obtained when the yield 
on bonds is measured as rre and r and 


rate is somewhat disconcerting, however, since it has 
been used in a number of studies on the demand for 
money. 
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TABLE 2—REGRESSION COEFFICIENTS AND OTHER STATISTICS FOR EQUATION (4) Usine Various MEASURES OF THE 
YWELD on BONDS: ANNUAL Data, 1951-65 (statistics in parentheses) 








R 
S DW 

(4.1) M'=2.29-4-.595Y p+ .226ru—. 118rarsa— .022rcp— .O88(ra+rsr)— .119rax—1 -9949 
(6.03) (5.88) (1.74) (2.38) (3.39) (1.63) .0060 2.21 

(4.2) M’ =2.244 .597Yp-+ .235ru— .132russ— .Ol4rra— .092(ra-+rsz-1)— .093rsr-1 .9931 
(5.50) (5.64) (1.80) (1.84) 8.23) (1.20) .0065 2.15 

(4.3) M’=3.18-+ .484V p+ .217ru— .093rusn— .O83rAm— .091(ra+rsr-1)— lela 9955 
(4.94) (5.83) (1.39) (2.72) (3.73) (1.25) 0056 2.40 

(4.4) M! =2,97-+- 505 ¥ p+ .232ru— .1007us2—- 070rys—. 097 (ratrsr_1)—. iata .9951 
(5.02) (6.19) (1.45) (2.45) (3.79) (0.91) .0059 2.26 

(4.5) M’=22.69-+ 533 ¥ p+ .244ru— .111rusn— .049r29— ‘Giant eel O50rgz—1 £9935 
(4.72) (5.80) (1.39) (1.67) (2.97) (0.66) .0067 2.65 





Note: The subscript (— 1) associated with the yield on savings and loan association Taa rsz, indicates that this 


series is lagged one period. 


when both a short- and long-term rate are 
included in the same equation. 

We turn next to the hypothesis that sav- 
ings and loan shares are the closest substi- 
tute for money. If this were the case, we 
would expect the absolute value of the elas- 
ticity of the demand for money with respect 
to the yield on these claims to be greater than 
the elasticitiy associated with the yield on 
any other asset, particularly the yield on 
equities. This implies that the absolute val- 
ues of the coefficients of rgr_1 in equations 
(3.1) through (3.5) should be significantly 
greater than the absolute values of the coeff- 
cients of rg. It can be shown that this will 
be true, if and only if the estimates of bs in 
equation (4) are negative and are signifi- 
cantly different from zero. 


log M’ = a + bı log Yp + be log ru 
+ bs log rusg + b4 log rp 
+ bs(log rg + log rsr) 
+ be dog rsu te 


where rg denotes the yield on bonds aide eis 
a random error term.® 


(4) 


$ This test is critically dependent upon the specifica- 
tion of the variables. For example, if the variance of the 
yield on savings and Joan shares is overstated (which 
seems unlikely), the estimate of bẹ will be biased towards 
Zero. 


Table 2 presents the estimates of equa- 
tion (4) for various measures of rg. As might 
be expected, the results are almost identical 
to those for equations (3.1) through (3. 5). 
However, they demonstrate that, once ry is 
included in the money demand function as 
a separate independent variable, there is 
little or no evidence that savings and loan 
shares are closer substitutes for money than 
equities. The estimates of by always have 
the anticipated signs (negative) but are 
never statistically significant at the 5 per- 
cent level. 

Finally, there is the question of the speed 
with which aggregate money balances ad- 
just to changes in interest rates. Lee finds 
that the coefficient of the lagged dependent 
variable in the demand function for money 
becomes statistically insignificant whenever 
the yield on savings and loan shares and/or 
the yield on time deposits are introduced 
into the equation [15, p. 1177]. From this 
he concludes that the lag in the adjustment 
of actual money holdings in response to 
changes in the yields on savings accounts is 
quite short or perhaps nonexistent. The 
tests conducted in this study (results not 
shown) confirm the findings concerning the 
importance of the lagged dependent vari- 
able in the demand function for money 
(fitted to annual data). However, as the 
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subscript (—1) associated with rsz in Tables 
1 and 2 shows, the demand for money may, 
in fact, adjust more slowly to changes in the 
yield on savings and loan shares than to 
changes in other rates.’ 


II. Conclusions 


The results presented above support my 
earlier conclusions [10, 11] concerning the 
relative rates of substitution between money 
(narrowly defined) and other assets, and 
hence are not consistent with the views of 
Gurley and Shaw [8, 9], Lee [15, 16], 
Duesenberry [6], Heller [13], and Laidler 
[14]. Generally speaking, the results fail to 
reveal any particular class of assets that may 
be viewed as either very close or very poor 
substitutes for money. There is little evi- 
dence to suggest that short-term bonds 
(U. S. Treasury bills) are closer substitutes 
for money than long-term bonds. Similarly, 
there is little evidential support for the 
hypothesis that equities (i.e., claims against 
the earnings and physical assets of business 
firms) are much poorer substitutes for 
money than either bonds or the liabilities of 
financial intermediaries. Hence, we cannot 
agree with Lee that monetary economists 
ought to pay particular attention to the 
developments of nonbank financial inter- 
mediaries and to their role in affecting the 
demand for money. 
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ALTERNATIVE INTEREST RATES 
AND THE DEMAND FOR 
MONEY: REPLY 


By Tone Hun LEE* 


While Harvey Galper, using quarterly 
data, confirms most of the findings in my 
earlier paper [7], Michael Hamburger at- 
tempts to show that his alternative method 
using my annual time-series data does not 
confirm my findings. A further analysis of the 
annual data, however, reveals that Ham- 
burger is not correct. Moreover, a similar 
analysis with Galper’s quarterly data shows 
results consistent with my original findings, 
thus again rejecting Hamburger’s conten- 
tion. On the other hand, although I agree 
with most of Galper’s results, I will show that 
Galper’s quarterly data give results more 
closely related to my original results than 


* The author is professor of economics at the Uni- 
versity of Wisconsin-Milwaukee, and a member of the 
Social Systems Research Institute at the University of 
Wisconsin, Madison. He is grateful to Frank de Leeuw 
for kindly providing the data on the time deposit rate, 
which is used in this paper, following Galper. He is also 
indebted to Leon Schur for his helpful comments and 
to Paul Tsao for his programming assistance. Thanks 
are due to the Graduate School of the University of 
Wisconsin-Milwaukee for its financial support of this 
research. 


Galper’s analysis indicates. Therefore, it can 
be concluded that my previous findings are 
reaffirmed either on the basis of annual time- 
series data or on the basis of quarterly data. 


I 


Contrary to one of the conclusions in my 
paper, Hamburger argues that the liabilities 
of nonbank financial intermediaries are not 
closer substitutes for money than are other 
financial assets and equities in particular. 
To support his view, he presents the results 
obtained by regressing money stock on a 
lagged savings and loan rate among other 
variables (in real per capita and logarithmic 
terms). Hamburger has supposedly chosen 
the lagged S & L rate instead of the current 
S & L rate, since the use of the lagged S & L 
rate gave a better fit. Although the differ- 
ences in Rès are extremely small and only 
half of his relevant regressions show better 
fits, to be discussed later, he nevertheless 
chooses a set of regression equations with 
the lagged S & L rate rather than that with 
the current S & L rate. According to Ham- 
burger, the reason for using a lagged interest 
rate is to capture the time lag involved in 
the demand for money in response to changes 
in the corresponding interest rate. Since I 
employed the stock adjustment model in 
my previous paper, possible time lags are 
already taken into account in such a formu- 
lation if time lags in response to various 
interest rates are more or less the same. 
Hamburger apparently feels that time lags 
in response to changes in various interest 
rates are different. Although I am sympathet- 
ic to this view, I do not think that annual 
time-series data as opposed to quarterly 
data provide a basis for estimating such a 
detailed structure of time lags, especially 
when differences in Rès are negligibly small. 
This is one of the reasons why I employed 
the stock adjustment model and also cau- 
tioned about the use of annual time-series 
data in estimating time lags [7, p. 1178, fn. 
11]. However, I will not press this argument 
and will go on to analyze the data along the 
lines suggested by Hamburger. 

Hamburger introduces the yield on mu- 
tual savings bank deposits in his regression 
analysis of the money demand function, but 
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none of the relevant regression coefficients 
in his equations shows statistical significance 
at the conventional probability level. Thus, 
one can perform Hamburger’s analysis by 
omitting the yield on mutual savings bank 
deposits. This makes sense, particularly be- 
cause the S & L rate included in the analysis 
reflects the influence of more important 
nonbank intermediary liabilities on the 
demand for money. Consequently, as the 
first stage of stepwise regression analysis, I 
define the demand for money as a function 
of the S & L rate, the yield on equities, and 
any one of several short-term and long-term 
rates, while introducing permanent income 
and the yield on money into the demand 
function.! 

In Table 1, using Hamburger’s symbols, 
the regressions of the money demand func- 
tion with the current S & L rate are re- 
ported in equations (1)-(5), whereas the 
regressions with one year lagged S & L rate 
are given in equations (6)-(10).? Since R? in 
each of the former equations is higher than 
that in the corresponding latter ones, one 
has to choose in accordance with Hambur- 
ger’s procedure the regressions with the 
current S & L rate. Thus, the results con- 
tradict Hamburger’s assertion that the 


1 Hamburger argues that a separate introduction of 
the yield on money into the demand function of money 
has resulted in his findings, which differ from my 
original findings. That this is not true can readily be 
seen from the present analysis, which follows Ham- 
burger’s procedure. In fact, Ido not have any quarrel on 
the use of the yield on money as a separate regressor, 
since I had already used it in my earlier analysis with 
various cross-sectional data [8]. The reason that I did 
not use this type of formulation with annual time- 
series data was to lessen the problem of intercorrelations 
among interest rate variables. Also to alleviate such a 
problem, I used in my previous analysis and will again 
use in the present analysis the stepwise regression 
method, whereas Hamburger does not appear to be 
concerned about it since he uses a given set of interest 
rate variables that suits best his conclusions, 

2 In Table 1, the symbol rar is the yield on money but 
it is defined as Hamburger’s ry with the sign reversed, 
The reason for this difference in definitions is to avoid 
the negative sign in Hamburgers ray in the regression 
analysis, Hamburger actually used the present defini- 
tion of ry in his regression analysis, but he reversed the 
sign of the regression coefficient on ry after having 
obtained his regression. Since this transformation is not 
strictly correct algebraically, the present results in 
Table 1 are reported without such a transformation. 
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demand for money adjusts more slowly to 
changes in the yield on savings and loan 
shares than to changes in other rates. More- 
over, in every regression with the current 
S & L rate through equations (1) and (5), 
the elasticity of the S & L rate is significantly 
greater than the elasticity of any other rate, 
including the yield on equities. The results, 
therefore, confirm my original findings. 
Even in the regression equation (8), which 
Hamburger would prefer and which is the 
best among the equations with the lagged 
S & L rate, the elasticity of the S & L rate is 
greater than that of the yield on equities at 
about the .09 significance level. Thus, 
Hamburger is clearly incorrect in arguing 
that nonbank intermediary liabilities are 
not closer substitutes for money than are 
equities. A further searching for the best 
fitted regression with the above set of inde- 
pendent variables provides equation (11) 
reported in Table 1. The result again con- 
firms my original conclusion, thereby reject- 
ing Hamburger’s contention. 

In the second stage of my stepwise re- 
gression analysis, the yield on mutual sav- 
ings bank deposits is added to other inde- 
pendent variables already included in the 
demand function. Although not reported in 
detail due to space limitation, the results do 
not clearly indicate that Hamburger’s re- 
gressions in his Table 1 with the lagged 
S & L rate are superior to the equivalent 
regression equations with the current S & L 
rate. His regression equations in (3.1) and 
(3.2) of his Table 1 are inferior to the corre- 
sponding equations with the current S & L 
rate while his regression equations in (3.3) 
and (3.4) of his Table 1 are somewhat better 
than the corresponding equations with the 
current S & L rate.’ His last regression equa- 


2 I found some minor numerical errors in Hamburger’s 
computations, although they do not affect his analysis 
in any significant way. The permanent income figures 
he used in his calculations are greater in size by .01 than 
the figures that I had provided to him. The S & L rates 
which he obtained elsewhere have two significant digits 
by rounding off the third digit for the 1950-57 figures, 
while they show three significant digits for the rest of the 
period of analysis. Also he takes 4.21 as the 1965 S & L 
rate while it should have been 4.22. Since the resulting 
computational errors are small, I will not reproduce 
these results, The Rès that are corrected for Ham- 
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TABLE 1—AnnuaL Loc-Lingar REGRESSION EQUATIONS For Money Derinep as Demand Deposits Prus 
CURRENCY: ANNUAL DATA, 1951-65 (tstatistics in parentheses) 








Rt DW trati 
(1) M'=3.344 .459Yp— .204ru— .009rcp— .330rsr— .056rz .9955 2.90 3.29 
(6.61) (5.12) (1.18) (4.78) (2.14) 
(2) M'=3,32+.462Yp— .206ru— .006rre— .331rs,— .057rx 9954 2.83 3.24 
(6.54) (5.08) (1.05) (4.73) (2.15) 
(3) M'=3.714+.412Yp— .205ru— 040r 4s — .292rg1— .062rg .9957 2.89 2.55 
(5.45) (5.23) (1.32) (3.86) (2.39) 
(4) M’=3.62+.423Yp— .212ru— .036rgs— .289rs,— .065rx .9957 2.86 2.43 
(5.78) (5.36 (1.30) (3.77) (2.45) 
(5) M'=3.39-4-.451Fp— .209ru— .004rs0— .328rsL— .058rx .9949 2.53 2.39 
(5.77) (4.64) ( .12) (3.33) (2.03) ` 
(6) 4’=3.03-+-.485¥ p— .256ru— .023rop— .260rsz1— .087ra 9930 2.03 1.95 
(4.98) (6.13) (2.27) (3.36) (2.81) 
(7) M’=3.08-+.473¥p— .270ru— .015rre— .242rsr 1— .091rr 9918 1.97 1.61 
(4.53) (6.22) (1.80) (2.96) (2.76 
(8) M'=3.86-+.392Yp— .225ru— .102r4a— .219rsr 1— -0897x .9955 2.73 1.93 
(5.32) (6.24) (3.62) (3.75) (3.65) 
(9) M’=3.67-+ .408Y p— .241ru— .087rvs— .204rgr1— .097rx 9949 2.40 1.51 
(5.21) (6.93) (3.24) (3.29) (3.71) 
(10) M’=3.37-+.436Y¥p— .262ru— .068r20— .185rsz_1— . 084 .9934 2.53 1.26 
(4.90) (6.74) (2.51) (2.63) (2.83) 
(11) M’=3.18-+.478V p— .180ru— .014erp_1— .328rsz— .026rs 9965 2.49 4.04 
(7.64) (4.77) (2.05) (5.36 (92) 
(12) M'=3.314+.457Yp— .156ru-+ .082rusn— .0l9rre-1— .395rsr+ .024rza ° .9965 2.21 5.16 
(5.49) (5.33) (1.12) (3.27) (5.21) (1.06 
(13) M'=2.80+.530¥p— .158ru+ .078racsp— 033rop_at -096rasn1— 517 raz-+.010re-, .9960 2.87 5.19 


(5.03) (4.96) ( .93) (2.01) 





(1.62) (5.07) (.383) 


* t-ratio to determine significance of difference between partial regression coefficients: M’ on S and L rate; df’ on 


equity yield. 


tion in (3.5) of his Table 1 gives the same size 
of R as the corresponding equation with 





burger’s regressions in his Table 1 are as follows: .9949 
for his equation (3.1), .9941 for (3.2), .9962 for (3.3), 
9956 for (3.4) and .9944 for (3.5). On the other hand, 
the Rès that are computed by using the current S & L 
rate instead of the lagged S & L rate in Hamburger’s 
equations are .9951, .9951, .9953, .9953 and .9944 
respectively for the co nding equations listed 
above. In the comparison of Te referred to in the teat, 
I am using the X? computed after correcting the numeri- 
cal errors in Hamburger’s data. In all other equations 
with annual data, I am also using the corrected data. 


the current S & L rate. The only reason that 
Hamburger could have had for using his re- 
gressions with the lagged S & L rate is that 
his regression (3.3) gives the highest correla- 
tion among the above regression equations. 
By following his rule, however, the highest 
R? can be obtained not by lagging the S&L 
rate, but by lagging other rates while re- 
taining the current S & L rate. The regres- 
sion that gives the highest correlation is 
reported in equation (12) of Table 1. This 
result, while rejecting Hamburger’s use of 
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the lagged S & L rate, confirms my previous 
conclusion that the S & L rate is the most 
important interest rate variable affecting 
the demand for money. 

Finally, I used the S & L rate, the yield 
on equities, the yield on mutual savings bank 
deposits, a short-term rate, and a long-term 
rate as independent variables, in addition to 
permanent income and the yield on money. 
Since Hamburger claims that a particular 
long-term rate may give a better fit than 
other long-term rates, I used each of his long- 
term rates in turn in the final regression 
analysis. The best equation, as selected by 
use of Hamburger’s criterion, is given in 
equation (13) of Table 1. The result again 


indicates the same conclusion that the non- ` 


bank intermediary liabilities are the closest 
substitutes for money. 

This conclusion is further supported by 
the results from quarterly data to be dis- 
cussed in the next section, Hamburger, 
therefore, is incorrect in his comment and 
makes erroneous conclusions even on the 
basis of his own ground rules. 


UI 


Galper supports most of the findings in 
my earlier paper [7] by employing the 
quarterly interest rates on savings and loan 
shares that he generates by interpolating the 
semiannual advertised rates. The only dif- 
ference, according to Galper, is that his 
quarterly equation gives a small but signifi- 
cant coefficient of the lagged money stock, 
whereas my annual equation showed a statis- 
tically insignificant coefficient. A further 
examination of his data, however, reveals 
that this difference too disappears. 

For convenience of obtaining data, Galper 
uses different definitions of variables for 
money, permanent income, and interest 
tates. For a strict comparison with my 
original paper, however, one should define 
money stock (currency plus demand de- 
posits) as an average of the three months 
within the quarter, and permanent income 
as the series obtained by using Friedman’s 
quarterly weights.‘ Since there are no quar- 

* The quarterly weights can be derived by Friedman’s 
method [1, pp. 142-152] but with the weighting param- 
eter, 6, being equal to .1. 


terly data on the effective interest rate on 
savings and loan shares, one may utilize 
Galper’s interpolated series, but with a cau- 
tion to be noted later. The quarterly regres- 
sions of money demand function in these 
variables (in real per capita and logarithmic 
terms) with and without the lagged money 
stock, M, are given in (1) and (4) of Table 
2 below. While these regression equations 
fit better than the corresponding Galper’s 
equations, the estimate, .319, of the coeffi- 
cient of Mı is much smaller than Galper’s 
estimate of .397. 

The above estimate of time lag, as small as 
it is, contains an upward bias. The reason 
for the upward bias in the estimated coeff- 
cient of Mı stems from the fact that the 
estimating equation uses an advertised rate 
rather than an effective rate on the savings 
and loan shares. Since an advertised rate is 
usually associated with such other terms as 
holding period of savings balances and fre- 
quency of compounding, the advertised 
rate alone does not reflect the return on 
holdings of saving and loan shares for the 
relevant period. Such a difference in the 
specification of the rate of return on savings 
and loan shares would have been caught up 
by an estimated coefficient of Mı. However, 
if an advertised rate alone had to be used in 
absence of information on other terms, its 
lagged variable rather than the current 
variable may be more appropriate in esti- 
mating the quarterly money demand func- 
tion. There are two reasons for this. First, 
an announced change in advertised rate 
may be felt among depositors after some 
delay, due to the time involved in informing 
the public not only of the rate change but 
also of other terms. Second, the quarterly 
data give a better basis for obtaining time 
lags of this type than do the annual data. 
In other words, Hamburger’s method of 
analysis should have been applied to the 
quarterly data rather than to the annual 
data. For these reasons, in estimating the 
quarterly money demand function, I used 
the S & L rate and the time deposit rate 
with different lags while omitting M—ı. The 
resulting equation that gives the maximum 
R? is reported in equation (2) of Table 2. 
Note that this equation with the S & L rate 
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TABLE 2—QuarTERLy Loc-Linzar REGRESSION Equations yor Mongy DEFINED as Demann Deposirs Prys 





CURRENCY: QUARTERLY Data, 1956-66 (¢-statistics in parentheses) 





R DW tratio* 





(1) H'=2.734.583Yp— 064rr— .430rsz 9901 163 
(13.60) (3.31) (11.48) 

(2) M’=3.48-++.487Yp— .030rr— .459rsr1 9920 1.12 
(12.02) (1.62) (14.51) 

(3) M'=4.16+.412¥p— .001rr1— 475rsr 14 00 Trop_1— -OS4r asa 1— -028rx-1 .9954 1.23 17.92 
(11.34) (.04) (20.26 (1.38 (8.49) (4.27) 

(4) M’=2.37+ .336¥p— .010rr— 345rsr4+.319M' 1 .9940 1.13 
(5.20) (.49) (9.60) (4.53) 

(5) M'=4.13-+.413Yp— .018rr— .420rsr 14+ .109M'1 .9922 „884 


(5.94) ( .84) (9.64) (1.29) 


(6) M' =3.67+-.369YV p+ -O08r7_1— -429rgr at -OO0lrep_y— -0497 apa1 — .028rz_1+. 125W: .9957 1.30 
(3.18) 


(7.56) ( .53) (11.94) ( .20) 





17.08 


(4.37) (1.68) 





Note: The symbols are defined as those in Hamburger’s paper with the exception that rr and rr—, are the interest 
rates on commercial bank time deposits of current quarter and one-quarter lag respectively. 
* -ratio to determine significance of difference between partial regression coefficients: M’ on 5 and L rate; M’ on 


equity yield. 


lagged one-quarter exhibits a better fit than 
equation (1) in Table 2. More interestingly, 
computing the same equation, but with M 
in regression (5), now shows an insignificant 
coefficient of Mı. 

The above results, therefore, indicate that 
the speed of adjustment estimated by Galper 
tends to overstate the time lag involved in 
the demand for money. While Galper’s esti- 
mate of .397 for the coefficient of Mı im- 
plies about 84 percent adjustment in the 
first two quarters, the present estimate 
indicates the complete adjustment within 
two quarters in response to changes in inter- 
est rates. Thus, the time lag implied by the 
quarterly series is shorter than Galper’s 
analysis indicates and is quite small, as I 
implied in my earlier paper [for example, see 

_[7, p. 1178, fn. 11]). In addition, the estimated 
coefficient of Mı from quarterly data just 
as that from annual data does not turn out 
to be significant. As I indicated in my previ- 
ous paper, this result has an important impli- 
cation for rejecting Tucker’s explanation of 
a speedy income adjustment to money- 
supply changes [9]. 


5 Galper correctly points out that despite all the 


When looking at the results in Section II, 
one might be tempted to observe that, 
though not supported with annual data, 
Hamburger may still be correct in arguing 
the importance of a lagged S & L rate on 
the demand for money. Contrary to Ham- 
burger’s assertion, however, the S & L rate 
refers to an advertised rate showing only a 
one-quarter lag, and other interest rates are 
similarly lagged. Moreover, the regression 
equation (3) of Table 2, in which a set of 
interest rate variables similar to Ham- 
burger’s interest rate variables is used, 
indicates that savings and loan shares are 
closer substitutes for money than are other 
assets. Although a long-term rate turns out 
to be significant, the elasticity of the S & L 
rate is about nine times greater than the 








implications of the estimated money demand function 
for time lags, the greater speed of adjustment of money 
holdings using the savings and loan rate may not be 
borne out in a complete model of financial behavior. 
However, the discussions in my original paper, except- 
ing those related to Tucker’s explanation, are limited to 
the question of how rapidly the public responds to 
changes in permanent income and interest rates rather 
than to changes in the basic monetary policy variables, 
A knowledge of the former, of course, precedes any 
understanding of the latter. 
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elasticity of the long-term rate, which is 
only .054 in size. The null hypothesis that 
the difference between the two elasticities is 
zero is statistically rejected with the t-statis- 
tic of 13.01. The elasticity of the S & L rate 
is also greater than that of the yield on 
equities with the -statistic of 17.92 for the 
difference between the two elasticities. 

At this point, I must repeat the basic ob- 
jective of my previous paper, because Ham- 
burger’s comments have diverted attention 
from it. Contrary to Hamburger’s implica- 
tion in his comment, I have not advocated 
that interest rates other than the S & L rate 
do not affect the demand for money. While 
admitting the possible influence of a whole 
spectrum of interest rates on the demand 
for money, the principal question of the 
paper was: “Which interest rate approxi- 
mates ‘the’ rate of interest and exerts the 
most significant influence on the demand for 
money?” [7, p. 1168]. The answer was, of 
course, given in a similar context with the 
various implications of this finding. The 
reason for not attempting to find the exact 
set of interest rate variables affecting the 
demand for money is that it is difficult to 
determine such a set at least from annual 
time-series data due to high correlations 
among interest rate variables. Although 
Hamburger claims that his method yields 
an identification of the separate effects of 
several other interest rate variables on the 
demand for money, his claim does not hold 
true with annual time-series data. To see 
this, note that in the final regression with 
annual data in equation (13) of Table 1, 
other interest rates, excluding the S & L 
rate and the yield on money, are not statis- 
tically significant, while some of the other 
rates turn out to be significant in certain re- 
gression equations at an earlier stage of step- 
wise regression analysis. My previous analy- 
sis yielded similar results. Thus, the quanti- 
tative importance of other rates in affecting 
the demand for money is not so clear from 
the analyses of annual data. Note, however, 
that the S & L rate is highly significant in 
any equation of the stepwise regression 
analysis. What is clear from the annual 
data, therefore, is that the S & L rate is 
the most important interest rate variable 


affecting the demand for money, a result 
which had not been found in prior studies.* 
Although a further. analysis of the quarterly 
data provides some insight into the impor- 
tance of other rates, the 5S & L rate turns 
out again to be the most significant interest 
rate variable affecting the demand for 
money. 

The results from both quarterly and an- 
nual data, therefore, clearly support my 
original findings that savings and loan 
shares are more important than other assets 
as money substitutes. Thus, the results sub- 
stantiate the substitution hypothesis of 
Gurley and Shaw [2] [3] [4] [5], indicat- 
ing that the nonbank intermediary liabili- 
ties are close substitutes for money. Finally, 
since Galper confirms my original findings 
and my further analysis does so to an even 
greater degree, one may conclude that the 
lags of the demand for money in response to 
interest rate changes are small when the 
yield on savings and loan shares is incorpor- 
ated into the demand function for money. 
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TARIFFS AND TRADE IN 
GENERAL EQUILIBRIUM: 
COMMENT 


By Ronatp W. Jones* 


A standard result in the theory of tariffs 
has been challenged by B. Sédersten and 
Karl Vind in a recent issue of this Review [5]. 
After an explicit development of the general 
equilibrium model appropriate or this an- 
alysis, they conclude that the classic result on 
the possible effect of tariffs on domestic prices 
achieved in 1949 by Lloyd Metzler, [3] and 
[4], is incorrect. In the opinion of Södersten 
and Vind, a tariff levied on imports can 
never result in a lowering of the relative 
domestic price of the imported commodity. 

This is a surprising conclusion, the more so 
as Metzler’s result has gone unchallenged for 
almost twenty years. I propose to demon- 
strate that Sédersten and Vind are them- 
selves the guilty parties in this issue and that 
Metzler’s result is indeed correct. In my 
opinion the general equilibrium analysis used 
by Sédersten and Vind, essentially a model 
with eleven equations and eleven unknowns, 
is unnecessarily cumbersome for the purpose. 
Therefore in the first section of this paper I 
shall offer a simpler treatment of the same 
model to prove the important theorems in 
the standard theory of tariffs. In the con- 
cluding section, I shall point out where they 
have allowed errors to lead them to incorrect 
results. The reasons cited by Sddersten and 
Vind for their departure from the standard 


* The author is professor of economics at the Uni- 
versity of Rochester. 


Metzler result are irrelevant to the argu- 
ment, for the real culprit lurks instead in a 
footnoted assumption about the behavior of 
consumption with a change in relative prices. 


I. The Analysis of Tarifs 


“The setting for the analysis of tariffs is the 
same as that used by Sddersten and Vind, 
although I shall employ a different terminol- 
ogy. Two countries, 1 and 2, are involved in 
trading two commodities, A and B, pro- 
duced under conditions of increasing oppor- 
tunity costs. Production is carried on under 
conditions of perfect competition, subject to 
tariffs levied on imports by both countries. 
Let (A, B) represent the consumption 
bundle, and (a,, 5;) the production bundle, in 
country 4. Country 1 is assumed to import 
commodity B, with M, equal to Biı—bı. 
Similarly country 2’s imports are denoted by 
M= A;— a. Prices differ between countries 
because of tariffs. (a, fə) represents 
domestic prices in country 1 while (me, me) 
represents prices in country 2. The ad 
valorem tariff of country ¢ is #,, and let T; 
represent one plus the tariff rate. Thus p» 
equals Tim, and ra is given by Tsp,. As 
usual, in these models only relative prices 
count. Let commodity A serve as numeraire 
so that B’s relative price ratio in country 1 
is p=tp/p. and in country 2 is r=a5/ma. 
Finally, consider the world terms of trade, 
the untaxed price of B in A units, 6. Thus p 
equals 7,8 and equals 8/Ts. 

Tariff analysis is often portrayed by means 
of'a diagram showing how a tariff serves to 
shift a country’s offer curve, resulting in a 
new intersection with the other country’s 
offer curve and a new equilibrium world 
terms of trade. In this spirit consider the 
representation shown by (1) and (2), 


(1) Mı = M6; Ti) 
(2) M = 4,(— 5 7») 
a ie 


where each country’s demand for imports is 
shown as a function of the untaxed relative 
price of those imports and of that country’s 
tariff rate. Differentiate these expressions 
totally to obtain (3) and (4), where a caret 
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“^o over a variable denotes the relative 
change in that variable (e.g., Mi=dM1/M)): 


(3) M, = — af — ats 
(4) M, = ef — at; 
where 











B aM 
i M, 06’ M: 5 
B 
and 
p Ti ðM: 
= — — 
M; aT; 


The e: are the traditional elasticities of 
demand for imports along the offer curves. 
These elasticities are defined so as to be 
positive. The —é,; define the change in each 
country’s import demand as of constant 
world terms of trade. The reason I choose to 
label these —é; will become apparent later. 

Much of the complexity surrounding a 
general equilibrium analysis of tariffs arises 
from the necessity of breaking down the e; 
and ë; into more fundamental components. 
At a constant rate of tariff, a change in the 
world terms of trade induces a change in the 
consumption of importables. For there must 
also be a change in the domestic terms of 
trade and therefore substitution and income 
effects. In addition, production will gener- 
ally alter along the production-possibility 
schedule. In terms of the fundamental deter- 
minants of a country’s level of imports, the 
crucial variables are the domestic price ratio 
and real income. 

Consider the analysis for country 1, whose 
demand for imports is shown functionally in 
equation (5). 


© mem Ha) 


The term “yı” denotes country 1’s “real in- 
come” measured in units of A, the nu- 
meraire. It is only the change in real income 
that is of concern, and this can be defined 


as the domestic price-weighted sum of the 


changes in consumption as in (6).! 


The budget constraint for country 1, shown 
in (7), states that at domestic prices the 
value of consumption is limited by the value 
of production and the tariff 


(1) Art pBi= ai + phi + (Ti — 18M, 


revenue.’ By differentiating this totally, and 
making use of the definition of the real in- 
come change shown in (6), it is possible (in 
(8)) to show the sources of any change in 
real income, 


(8) dy: = — Midp + df (Ti — 1)8Mi} 


In deriving (8) use has been made of the gen- 
eral production relationship {da,-+- pdb,} =0. 
If country 1 is incompletely specialized this 
reflects the tangency of the domestic price 
line and the transformation schedule. If 
country 1 is completely specialized to its ex- 
port commodity and remains at the corner 
of its transformation schedule, da; and db; 
are each zero. 

Although the expression for dy, in (8) is not 
yet in the form most useful for tariff analysis, 
it does reveal an interesting relationship be- 
tween the optimum tariff and the tariff rate 
that would serve to maximize the tariff reve- 
nue. Assume that an increase in country 1’s 
tariff rate would be protective in the sense of 
raising p.* In the neighborhood of a tariff that 
maximized tariff revenue (i.e., one for which 
d{(T,—1)8M1} were zero) an increase in the 
tariff would lower real income. That is, a 
revenue maximizing tariff rate is higher than 
the optimum rate. 

The domestic price of imports, p, equals 


1 Consider a utility function for country 1 of the form 
U,=0;(A;, Bi). With differentiability, no satiation, 
and both commodities consumed, dU,/Ua equals 
dA1+(U1n/U14)dB,. In a competitive world $ equals 
the marginal rate of substitution, Vis/U us. Now define 
dy; as dU;/U.4, which is free of cardinal utility con- 
notations. 

2 Note that the tariff is levied on the world price, 8. 

4 It can be shown that this must be the case in the 
neighborhood of the optimum tariff as e, must exceed 
unity. 
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T; times the world price ratio, £. Differentiat- 
ing this relationship and substituting into 
(8) yields expression (9) 


(9) dyy = — MidB + (Tı — 1)8dM, 


as an alternative form for the change in 
country 1’s real income. It illustrates the two 
_ basic means by which country 1’s real in- 
come can be improved: first, by an improve- 
ment in 1’s world terms of trade (d8 nega- 
tive), which would serve to increase real in- 
- come by an amount proportional to the orig- 
inal volume of imports, and second by any 
increase in imports in a situation in which 
the relative domestic valuation of the im- 
ported commodity, p, exceeds the relative 
cost of obtaining these imports on the world 
market, 8. Note that (Tı—1)8 is precisely 
this price spread, p—f.4 i 

With this expression for dy, at hand, it 
only remains to break down the separate 
price and income effects on the demand for 
imports. Differentiate (5) totally to obtain 
(10). 


By aB, 
10) dM, =— dp +— d 
(10) Aa PP yı 


db da, 1 


+ — 
da, (=) $ $ 
$ 


Note that dbı/daı, the slope of the trans- 
formation schedule, is given by —1/p.° Fur- 
ther simplification involves the definition of 
elasticities to capture: first, the substitution 
effect of a price change on the consumption 
of the imported commodity, 71; second, the 
marginal propensity to import, m1; and third, 
the substitution effect as production changes 
along the transformation curve, ez. Following 
the procedure used in Jones [1], define: 





1 For a discussion of the sources of a change in real 
income in a more complicated model involving capital 
mobility see Jones [2]. 

5 If country 1 is specialized in producing commodity 
A, without there being a corner tangency, db,=0 and 
the last term in (10) disappears. 


OB, 
map Py 20 (by assuming no 
Jı inferior goods) - 


Ta 


are i 
p 


These relationships can be substituted into 
(10). Finally, express dp in terms of d8 and 
dT to obtain (11) as the expression for the 
relative 


(11) M= 
my ey ey ; 
snt ap aaa 
[atp [at =] : 


ay 


change in country 1’s imports. Comparing 
this with the original breakdown of Å, in 
(3) it is possible to separate out the expres- 
sions for the elasticity of country 1’s offer 
curve, é, from the expression for the shift in 
its offer curve, given by —&. Thus: 





Cy = 


my, ĉi 
- + poy PNS 
71 T, T; 
ey = 
: (Tı — 1) 
1— m T 
1 
E 1 fa + C1 
é IO aa — 
1 1 T 


pS 


Several comments are in order. First, note 
that the expression in the denominator is ` 
reminiscent of a Keynesian type of multi- 
plier phenomenon. If initially there is free 
trade, this multiplier effect disappears. If 
T1>1, any increase in import spending in- 
creases tariff revenue. This increase in in- 
come is, in part, respent on imports, which 
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serves further to increase tariff revenue in the 
next round. It is this phenomenon which 
makes it difficult to draw a tariff-ridden offer 
curve in a simple step-by-step fashion. 
Secondly, note that the numerator of e 
draws together two substitution terms (#1 
in consumption and e,/Tı in production) 
which are positive, and a positive income 
effect. Finally, observe that the numerator 
of é; consists only of the substitution terms. 
This is what moved me to call the shift ex- 
pression é,, after using #1 to denote just the 
substitution effect in consumption. The 
reason why this contains only substitution 
terms is most readily seen in the case of 
initial free trade, when & is (#:-+¢,). The 
term —é, is the coefficient of 7). At initial 
free trade, real income can be affected by an 
increase in the tariff only if 8, the world terms 
of trade, is affected and dy, would then equal 
—M,d8, Therefore, holding 8 constant (to 
capture the shift in the offer curve), one finds 
that an increase in T, reduces imports only 
by making commodity B at home more 
expensive and thus stimulating a reduction in 
consumption and an expansion in production 
(both substitution effects). If a tariff were 
initially in effect, real income would indeed 
be altered with 6 given, but as expression 
(9) shows, this real income change depends 
itself on a change in imports. It thus enters 
only via the multiplier phenomenon shown 
by the denominator in 4, 

The expressions for the elasticity of coun- 
try 2’s offer curve, &, and the shift in that 
offer curve induced by a change in T}, —&, 
being completely analogous, are not shown 
explicitly. 

The analysis to this point has only involved 
changes in one country. Tariff theory is 
primarily concerned with the effects of tariff 
changes on world terms of trade, domestic 
prices, and real incomes. Answers to these 
questions can now easily be obtained by 
differentiating the market equilibrium condi- 
tion shown in (12). 


(12) BM, = Mı 


At world prices the value of imports into 
each country must be equal. (Equilibrium is 


obtained at the intersection of the offer 
curves.) The relationship in terms of rates of 
change is shown by (13), 


(13) ĝt =Å, 


and the solution for the change in the world 
terms of trade is found by substituting in (3) 
and (4) for the Mj. This solution is exhibited 

in (14): l 


1 
(14) B a yN faf: ca 27} 


where A = « + & — 1 


The denominator, of course, is positive by 
the Marshall-Lerner conditions for sta- 
bility. Once it has been established that the 
é; are positive, it is easy to see that an in- 
crease in country 7’s import duty must serve 
to improve its world terms of trade (unless 
one of the e; is infinite), This is a standard 
result, not challenged by Sddersten and 
Vind. 

The crucial relationship that prompts this 
analysis concerns the impact of tariff changes 
on the relative domestic price of imports in 
country 1. Since $ equals 8+7,, easy sub- 
stitution into (14) yields this price change in 
(15). 


1 
(15) p= yN {(A —a)7,+ at} 


The question is whether, as Metzler main- 
tained, an increase in Tycan serve to lower p. 
To answer this question, it is necessary to 
make use of the breakdown of « (for it is con- 
tained in A) and & already provided. Thus a 
tariff can fail to be protective if the inequal- 
ity shown by (16) is satisfied: 


G eg egies OY 


Ti fı -m CA = 2) 


1 


Sufficiently small values for ea allow this 
possibility. 

Since this point has been challenged so 
strongly by Sédersten and Vind, it is worth- 
while to attempt a simple verbal explanation. 
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This is most easily done in the case of initial 
free trade, in which case a tariff levied by 
country 1 fails to be protective if e <1— mı. 
Consider the world market for 1’s export 
commodity, A. In a stable market an increase 
in T, would raise A’s domestic price in 
country 1 (and thus lower p) only if excess 
demand for A would be created at the initial 


BM, 





(19) dy, = 


value of the domestic price ratio, p. In 
country 1, the increase in Tı would serve to 
lower 8, i.e., improve 1’s world terms of 
trade and therefore real income, at the 
initial domestic price ratio. Part of this 
increase in real income, 1— mı, would spill 
over to increase 1’s demand for its export 
commodity. This is the only source: of 
change in demand and supply in country 1 
at initial p since substitution terms do not 
operate. Opposed to this increased demand 
for A in country 1 is the reduction in net 
demand in country 2:as the decrease in 8 
(at initial ) moves country 2 back along its 
offer curve for imports of A. (Note that 2’s 
offer curve does not shift as, by assumption, 
it keeps Ts constant at unity.) If the increase 
in demand for A by the home country, 
1— mı, exceeds the reduction in net demand 
abroad, given by e, excess demand for A at 
initial p is created, forcing p down. 

To conclude this section, consider the 
impact of tariff changes on country 1’s real 
income. For this purpose, it is convenient to 
substitute déM,—Mid§, for the BdM, term 
found in (9). Then use (4) for dM: to obtain 
(17) as the expression for dy1. 


(17) dy, = — PM {T -DA — e) +118 
+ (T1— tet} 

From this the formula for country 1’s opti- 

mal tariff is obtained by noting that the 

rate must be such that the coefficient of f 

is zero. This immediately gives the optimal 


tariff formula shown in (18). Of course (18) 
presupposes that e exceeds unity. 


(18) 





1 
lA 


&a— 1 


Otherwise, as (17) shows, an increase in the 
tariff rate by country 1 would, by reducing 
8, serve always to increase 1’s real income. 
Although not necessary in deriving the 
formula for the optimum tariff, the solution 
for ĝin terms of the 7; shown by (14) can be 
substituted into (17) to obtain expression 
(19) for dyi. : 


fal — 1)(1 — 4) + 1] —al(T: — tea + 1A} 


The extra bit of information this yields is 
that any increase in 2’s tariff rate must (by 
raising 8) worsen country 1’s real income. 


IL. The Error in the 
Sddersten-Vind Analysis 


The formal analysis presented by S&der- 
sten and Vind is not easy to follow and con- 
tains some minor errors that are not crucial.* 
The vital error is contained in the assump- 
tion made in [5], footnote 2 on p. 401. In my 
terminology, they are assuming that an in- 
crease in the relative domestic price of A in 
country ¢ always raises #’s consumption of 
B when income is constant in B-units. Most 
importantly, as I shall demonstrate below, 
this assumption is far from innocent, for it 
implies that for country 2, « must exceed 


6 As an example of the minor errors, according to my 
calculations, the coefficient of d#, in their equation (24), 
(p. 400) should read az instead of a. Similarly, in equa- 
tion (25) (p. 400) the last term in the coefficient of df, 
should be C1s(9Cin/AY;) instead of S12(8Cim/8Y4), and 
the factor (1-++4) should be deleted from in front of the 
bracketed expression for 62 in equation (19) (p. 399) and 
in between the two bracketed expressions in the coeffi- 
cients for df; in equation (25) (p. 400). Aside from the 
complexity inherent in treating this problem formally 
as an eleven equation model, their instructions how to 
proceed in their model are occasionally misleading. For 
example, equations (1a)-(1la) (p. 397) purport to 
represent differentials of equations (1)-(11) (pp. 396, 
397). However, equations (6a) and (7a) merely restate 
equations (8) and (9). Similarly, equation (3a’) (p. 398) 
follows not from equation (3a) (p. 397), but from (4a), 
with substitutions from equations (8a)-{i11a) (p. 397). 
As a final example, equation (3a”) (p. 399) is not a 
rewritten form of (3a’). Rather, it follows from the 
balance of payments equilibrium condition with the 
ald of equations (1a), (2a), (6a), and (7a), (p. 397). 
As I say in the text, these errors are not crucial, but 
they do make it unnecessarily difficult to work through 
their model. 
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unity. And, as we saw in condition (16), 
this is sufficient to rule out the Metzler 
effect. 

Before proceeding to the proof, however, 
note that the model I have developed in the 
preceding section incorporates the same 
assumption about the distribution of the 
tariff proceeds as does the Sédersten-Vind 
model: all proceeds are distributed to the 
private sector in lump-sum fashion. I stress 
this because Sédersten and Vind claim that 
the difference between their results and the 
Metzler result derives from Metzler’s as- 
sumption that the government spends the 
tariff proceeds according to its own arbi- 
trary taste pattern. Furthermore, they sug- 
gest that Metzler’s different result may in 
part be attributed to the fact that the for- 
eign country was assumed not to levy a 
tariff.’ On both counts the analysis presented 
in the preceding section, where Metzler’s 
results are confirmed, adopts the same as- 
sumptions as Sddersten and Vind. 

The point I wish to make is perhaps best 
illustrated in Figure 1. To simplify, I assume 
that production in country 2 is represented 
by the endowment point, E, and is unre- 
sponsive to price changes.® Let the initial 
budget line be represented by the solid line 
QEN, and the initial consumption bundle by 
point @). If r increases, the budget line ro- 
tates around E, becoming flatter. Suppose, 
instead, that at this new value for x income 
had been increased so that a new budget line, 
QV, preserves the same income in B units 
(OQ) as before the price change. The 
Sédersten-Vind assumption is that the con- 
sumption bundle on budget line QV, point ©, 
must lie below @). That is, the higher price 
for B must reduce 2’s consumption of B. 
However, since the income effect (consume 
more B) runs counter to the substitution 
effect (consume less B) when ~ rises (and 
income in B-units remains at OQ), it would 
not be unusual for the consumption point to 
have been northeast of @. In any case, the 


1 See [5], pp. 402-405, 

8 As the expression for e, shows, the assumption I 
am making that ¢:=0 serves to minimize the value of 
e. I am demonstrating that this minimum value 
exceeds unity if the Sddersten-Vind assumption that 
8B;/a(1/x) is positive is made. 





FIGURE 1 


fact that the correct new budget line must 
pass through the production point, E, implies 
that if no goods are inferior the new con- 
sumption point, @), involves an even lower 
consumption of B. Country 2’s offer curve 
(not drawn) passes through E and points © 
and (8) and therefore must be elastic. Söder- 
sten and Vind have implicitly assumed that 
e.>1, and therefore by assumption have 
ruled out the possibility of Metzler’s result.® 

In conclusion consider the expression for 
the optimal tariff displayed by Sédersten 
and Vind in their equation (34) [5, p. 406]. 
They claim that this is a new formula and, 
indeed, in the guise presented this appears 
to be the case. However, substitution reveals 
this to be the same expression, 1/(e,—1) dis- 
played in my (18) for the optimal tariff, and 
this is a standard result. 
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TARIFFS AND TRADE IN 
GENERAL EQUILIBRIUM: 
REPLY 


By Bo S6DERSTEN AND KARL VIND" 


We begin this rebuttal with a few com- 
ments on what Ronald Jones calls “minor 
errors” in our paper [1]. We then turn to the 
main issue and demonstrate the principal 
requirements for ensuring a certain result for 
the effect of a tariff on domestic prices. 
Finally, we comment on the formula for the 
optimum tariff which we have derived, and 
use this example to illustrate the superiority 
of the explicit kind of analysis we have intro- 
duced for treating tariff theory. 

First, the “minor errors”: Jones’ first three 
remarks in footnote 6 concerning coefficients 
are correct: the coefficient for dt; should read 
G2, not a; etc. His further and more sub- 
stantial remarks on the structure of the 
model, about equations (1a)-(11a), how- 
ever, are incorrect and makes it somewhat 
doubtful whether Jones has really under- 
stood the nature of the model. It is wrong to 
think that equations (6a) and (7a). are 
merely a restatement of (8) and (9); they 
do not even contain the same variables. (6a) 
and (7a) are linear equations with the un- 
knowns Sim, GS1z, @S'xz, and dS, while (8) 
and (9) are nonlinear equations with un- 
knowns P, Sis, Son. The rest of Jones’ 


* The authors are, respectively, docent in inter- 
national economics at the University of Lund, Sweden, 
and acting professor of economics at the University of 


Copenhagen, Denmark. 


remarks in the footnote are irrelevant. We 
have not maintained that (3a) follows di- 
rectly from (3) or that (3a’’) is a direct 
rewriting of (3a’). These transformations are 
made by using information implicit in the 
equation system. 

Let us now discuss the main issue. It 
should be pointed out that Jones uses the 
same type of model as we do. The difference 
is that Jones starts out from equations for 
the offer curves, whereas we go directly to 
the basic underlying supply and demand 
functions. Jones claims that our model is 
“unnecessarily cumbersome.” We maintain 
that the simplicity of his technique is mis- 
leading. To begin with, it only gives him 
results in terms of the functions for the 
offer curves, which are not very interest- 
ing. He must then go on and try to find the 
results in terms of more basic functions, 
which are never explicitly stated. His is a 
“Chinese boxes” technique which tends to 
obscure the real goal of the analysis. His 
refusal to start the analysis from an explicit 
formulation of the problem also makes it 
difficult for him to see the nature of the 
assumptions needed, and his perspective 
becomes at times quite distorted. Lack of 
space precludes us from repeating the defini- 
tions of the variables involved; we refer the 
reader, instead, to our original paper. 

Jones maintains that our “vital error” is 
contained in.an assumption about two par- 
tial derivatives, 0Cin/0P and 0C:,/dP being 
positive. First, we make the elementary 
observation that an assumption can be 
neither right nor wrong. Jones’ assertion that 
our assumption contains a “vital error” is 
therefore nonsensical. 

What is open to argument is the relevance 
and reasonableness of the assumptions. This 
we now turn to and interpret Jones’ critique 
in that fashion. The assumption we used was 
that bı and bs are positive [1].1 This assump- 
tion is sufficient for our results, It can be 
argued that it is too strong an assumption. 
We shall now give the necessary assumptions 
needed to achieve the results. 


1 The assumption stated in [1, footnote 2] implies b, 
and b, positive, but is not necessary for the results, 
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There are two issues at stake. First, we 
want to demonstrate which assumptions. are 
needed to make the determinant, A, positive; 
second, we want to demonstrate which as- 
sumptions are needed to make the coefficient 
of dt, in expression (28) in our original paper 
[1] negative. A positive determinant is 
necessary in order not to get a reversal of all 
the main results, To have the coefficient in 
(28) negative is necessary for the effect of a 
tariff on the home market price ratio to be 
unambiguous. We will demonstrate that 
these two issues are intimately linked to- 
gether. 

In analogy with the theory of one con- 
sumer it is assumed that 8, and 8, are non- 
negative [1, p. 399]. As bı is larger than £1 
it also follows that b; is non-negative. Fur- 
thermore, we assume that a, and a, are non- 
negative (this is also assumed by Jones) 
[1, p. 399]. We have, in our paper, moreover, 
assumed that b, is non-negative. 

The determinant, A, equals a@ıbz+ abı 
[1, p. 400]. From this, it follows that A>0 
is equivalent to 4@1b:/asb:>—1. For the 
expression (28) to be. negative, it is neces- 
sary that A—a26,>0 [1, p. 401]. From this it 
follows that A~ a1 being positive is equiva- 
lent to @3b2/42b1> —1+81/51. 

Now we know that 0<£,/b1<1. There- 
fore, it is somewhat stronger to assume that 
44b3/a2b1> —1+-81/b1, than to assume that 
@1b3/a3b,> —1. But essentially the same 
type of assumption is involved in both cases. 
In both instances, the left-hand side of the 
inequality can only be larger than the right- 
hand side provided that either 3Cim/3P or 
8C;,/8P (or both) are negative. 

Jones is correct to point out that there is a 
small interval where @b2/a3b;> —1+81/81 
without the determinant being negative. Let 
us, in memory of Metzler’s two early pio- 
neering articles, call this interval the Metzler 
interval. It might be useful to illustrate this 
interval in the following way: 


The part of the line with short dashes is 
the “Metzler interval.” Now two comments 
are in order. 

First, it is a necessary and sufficient con- 
dition, for a1b3/a2b1 to be in the “Metzler 
interval” for. the domestic price of import- 
ables to fall because of an increase in tariffs. 
It is, however, fully possible for the normal 
result to come about even though the value 
of b: should be negative.? 

The second and more important comment 
concerns Jones’ formulation of the problem. 
He is concerned only with what we have 
termed the “Metzler interval” and seems to 
be unaware of the true nature of the issue 
at stake. He airily assumes that a:b3/a2b, can 
never be less than —1, but takes great pains 
with the case where it is slightly larger than 
—1.3 With reference to Figure 1, it means 
that he is greatly worried about the small 
dashed area between —1 and 0, but pays 
no heed to the much larger area to the left of 
—1. This can hardly be characterized other 
than as an example of blind guides who 
strain at a gnat and swallow a camel. 

At the end of his comment, Jones asserts 
that the formula for the optimum tariff 
which we have derived is not a new result, 
but the same expression as displayed in his 
formula for the optimum tariff. 

First, we can note that Jones’ statement is 
merely an assertion, as long as he has not 


3 Our speaking about a “Metzler interval” should not 
make the reader believe that Metzler’s early analysis 
was faultless. Metzler, for instance, never explicitly 
brought supply factors into the analysis and only 
reasoned in terms of marginal propensities to consume 
and demand elasticities as the critical factors for getting 
the perverse result for home market prices. His treat- 
ment of k, the government’s marginal propensity to 
consume, as a constant was also peculiar [1, p. 404]. 

3 Jones asserts that the denominator is positive “by 
the Marshall-Lerner conditions for stability.” No such 
analogue of a-dynamic kind can be valid here. The 
only way Jones can get the determinant positive is by 
assuming Gıbs/Gab; never to be less than —1, 
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explicitly set ‘out.the elasticities etc. which 
make up his formula. The main point, how- 
ever, is of another kind. 

The message of our paper was, that by 
setting out a model where the basic “functions 
are explicitly stated, we were able to derive 
results easy to interpret. These results were 
formulated in terms of the characteristics of 
the basic functions, and there was no 
ambiguity left in interpreting the variables 
making up the formulas. 

Jones now states that by using a slightly 
different version of the model we used, he 
will get the same results as we did. Provided 
that the calculations are made correctly, this 
is what will happen; this should not astonish 
him unduly.. He then tries to relate these 
results to. earlier results- formulated in terms 
of offer curves, maintaining that thé new 
results are not new, but really implied i in the 
older ones. 

This is all well and P In his eagerness, 
however, Jones loses again his sense. of 
perspective. He forgets that the formula for 
the optimum tariff which we have derived 
contains much more information than the 
older one, because it is formulated in explicit 
terms. This is precisely what we wanted to 
demonstrate in our paper, oa 
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EXCHANGE RATES, CAPITAL 
FLOWS AND MONETARY 
POLICY 


By E. Ray CANTERBERY* 


Debates on foreign exchange models, sta- 
tistical tests of short-term capital flows, and 


* The author is visiting associate professor of eco- 
nomics at Simon Fraser University and associate pro- 
fessor at the Florida State University. He expresses 
appreciation to J. Lawrence Herter, Jerry Shipley and 

. Paul Meyer for some very ions on econ- 
ometric estimation problems in foreign exchange, They 
share no blame for possible errors. 


implications for monetary policy. have re- 
cently abounded in this Rewew.! Now a. new 
statistical test by-Hans Stoll [15, 16] focuses 
upon some important concepts overlooked 
by Jerome Stein’s detractors [6]. Stoll’s dis- 
cussion also illustrates some of the problems 
in analyzing foreign exchange under partial 
equilibrium conditions, particularly when 
monetary policy conclusions are derived 
therefrom. There continues to be confusion 
in the literature between what is valid in 
theory and what is directly testable sta- 
tistically, and between the forces that are 
endogenous and those that are exogenous. 

To my knowledge there are two full 
equilibrium models of simultaneous spot and 
forward foreign exchange market transac- 
tions in print: those of Stein [12] and Canter- 
bery [5]. Both authors later modified their 
models by explicitly specifying the specula- 
tive variable as endogenous rather than. 
exogenous [14], [4]. As I owe a great debt to 
Stein’s pioneering work [13], it is not sur- 
prising that my article [4, p. 32] derives a 
forward premium solution (though via more 
elaborate equation specifications) aan to 
Stein’s [12, p. 56]. 


L Interest Parity and Speculation 


Recent empirical studies can be inter- 
preted in terms of both the behavioral equa- 
tions and the interest parity solutions of the 
above theoretical models. Using the foreign 
exchange supply and demand equations 
specified by Canterbery [4], a simultaneous 
solution will yield equilibrium spot and 
forward rates. Given these rates, a new 
interest rate parity requirement is derived 
[4, p. 409, equation (24)]. Using Stoll’s 
symbols, S=spot foreign exchange rate; 
F=forward foreign exchange rate; §*= spot 
rateexpected by speculators;r?= U.S. interest 
rate; r’=foreign interest rate; F* =forward. 
rate satisfying traditional interest parity 


1 Five “Comments” [6] were incited by an article by 


_ Jerome L. Stein [12]. 


2 There are two main differences in the solutions: 
Stein includes a Central Bank intervention variable and 
also calls the net speculative variable “exogenous” in 
[12] even though it is endogenous, The reader is referred 
to [4, pp. 398-99} for a listing of other differences. 
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(IRPT), so F=.S—(#—#4)+f(AS*)2 Assum- 
ing identical forward rate and Treasury bill 
maturities, the percentage forward premium 
in the modern theory (MT) solution is 


(1) (P — 5)/S = — (f — r°) + f(as/s. 


There is no unique value for (F—S)/S 
as the exchange rates are, in part, deter- 
mined by a speculative variable. This MT 
solution implies that all variance unexplained 
by the interest differential can be explained 
by a speculative variable. This is a hy- 
pothesis crucial to the acceptance of recent 
empirical parity tests, and adds theoretical 
credibility to a number of statistical findings 
suggesting that interest differentials under, 
narrow gold bands do not entirely explain 
forward premiums [e.g., 7, 1, 2]. Traditional 
interest rate parity would be 


(2) (F = 5)/S = = (= r). 


Stein does call attention to the interest 
rate parity implications of his solution in 
[11], and Peter B. Kenen [8] has emphasized 
the interest rate parity aspects of foreign 
exchange in a single-frm model. Kenen 
demonstrates definitionally what the present 
author has proven with behavioral relations: 
namely, traditional interest rate parity pre- 
vails only when speculation is nonexistent or 
stabilizing, that is, when the speculative 
coefficient in the above parity form solution 
(1) is zero or near-zero [8, p. 150]. Stoll’s 
and Stein’s statistical analyses could be 
viewed as either tests of the Stein-Canter- 
bery solution or of Kenen’s hypothesis. 

Stein’s final solution for the forward 
premium (though he confuses readers at 
various points by calling the forward pre- 
mium the forward rate) is the beginning of 
his statistical test. Stein isolates, in theory, 
the speculative variable with his MT solu- 
tion. Because of the way he specifies his 
model, however, the speculative variable 
netted between the spot and forward ex- 


4 The caret (+) signifies that values originally defined 
as percentages are now in absolute terms. In this 
modern theory (HT) solution the interest differential is 
the unitary exchange value of extra return from invest- 
ing abroad rather than at home for the period of the 
contracts. See (4, p. 409n] for the precise calculation. 


change markets must be endogenous rather 
than exogenous as Stein claims. (In the 
model speculative capital flows and both the 
forward and spot rates interact.) The sta- 
tistical problem is to identify correctly the 
precise nature of the speculative variable 
and design an appropriate test. 

Using a linear form of equation (2) Stein 
regresses the absolute forward premium 
(F—.S) on the uncovered interest rate differ- 
ential (r?—r/) and calculates the residual, the 
actual minus the predicted rate [12, p. 58]. 
Assuming speculation to be independent of 
interest rates, Stein presumes that this 
residual is an unbiased estimate of the specu- 
lative parameter. As Laffer [9, pp. 557-58] 
suggests, however, it is not possible to derive 
a statistically unbiased estimate of the 
parameter for an endogenous variable with 
this particular technique. A test of the new 
parity solution carries all the statistical 
problems associated with simultaneity.4 In 
theory, nonetheless, the variable in this gen- 
eral solution is the net speculative function 
under flexible exchange rates or under a 
narrow gold band (away from the limits). 

An overlooked significance of this new 
MT-IRPT solution is its isolation of two 
variables (the interest differential and the 
speculative) from real trade flows. Stein, in 
his Reply, unnecessarily accepts the argu- 
ment by Heckerman [6, pp. 555-56] and 
Laffer [9, p. 557] that export-import varia- 
tions can alter significantly the difference 
between the forward and spot rates (forward 
premium). In the Canterbery model, trade 
can affect the premium only insofar as 
exchange rate expectations affect hedging 
and this impact may be very marginal. Even 
when traders hedge to avert all risk, they 
are reacting to the same variable as are 
speculators, namely the expected future 


exchange rate (which can at times be con- 


stant). Assuming hedging then to be a func- 
tion also of S", it is subsumed in the specula- 
tive coefficient of the forward market any- 
way. The relation between spot and forward 


‘If the estimated equation were (F—S)/S=a, 
+6,R+-u, the residual (u), in fact, is [8S*+-r], where v 
is an error term and S’ is not independent of (F—S)/S. 
Herein R equals (r/-r4). 
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exchange rates is otherwise unaltered by the 
trade balance (exogenously given). The only 
other possible source of variation in the net 
S* is a change in the interest rate, a second 
source of statistical bias in the coefficients.® 
The variation in the forward premium un- 
explained by interest rates must be then 
explained by some speculative variable. If 
the net speculative coefficient can be esti- 
mated as an endogenous variable and the 
speculative interest rate interaction is not 
present (or else the statistical bias from 
interaction minimized), there should be little 
objection to using speculative observations 
calculated from this indirect parameter esti- 
mate as a proxy independent variable along 
with interest differential observations ex- 
plaining short-term capital flows.‘ 

As Heckerman and Laffer advocate, a 
trade variable is missing from Stein’s capital 
flows equation. But the suggested unlagged 
trade surplus variable is dependent under 
flexible exchange rates. It is, moreover, an 
accounting near identity with short-term 
capital flows (as Stein correctly replies) un- 
der either flexible or fixed rates. Given these 
considerations and having identified all the 
major independent variables, specifying 
trade as a distributed lag variable may yield 


an improved estimating equation for capital 


flows. 


Il. Empirical Tesis and 
Policy Implications 


A speculative variable that is correctly 
specified for all eventualities is needed; 


ë A hypothesis of independence is a true one only if the 
monetary authorities do not change interest rates in 
reaction to exchange speculation. Even if speculator’s 
responses to such interest rate changes are random the 
statistical collinearity is already present though of a 
sign opposite to what it would be with the reactions 
hoped for by the authorities. 

$ The statistical independence that would cause the 
two variables to be orthogonal simply means that the 
addition to the multiple regression (against capital 
flows) of the speculative variable would not alter the 
interest rate coefficient and one has the long sought 
statistical ideal coinciding with a theoretical solution. 
The coefficient of multiple determination also would be 
higher. It is emphasized, however, that as a reduced 
form estimate the speculative parameter in the MT 
solution is only a proxy for speculation in the capital- 
flows equation. 


whether speculation interacts with exchange 
rates, is correlated with interest rates, inter- 
acts with interest rates, or is unrelated to 
interest rates. This would merge theory and 
empirical verification, In an inquiry ‘ 
only into the relationship of the forward rate 
to the spot rate” [15, p. 61], Stoll performs 
an improved test. The speculative variable 
is specified as a function of lagged spot rates, 
making it endogenous and of a form similar 
to that suggested (in theory) by Canterbery 
[4, p. 404n] and also tested elsewhere by 
Stein and Tower [14] and Sven Arndt [1]." 
Stoll’s dependent variable is F/S rather than 
(F—S) and his speculative variable is $° 
rather than AS*, 

Arndt’s distributed lag specification for the 
expected exchange-rate may lead ultimately. 
to improved speculative parameter esti- 


mates. But Arndt’s estimates of the covered 


(and uncovered) interest rate and specula- 
tive parameters against capital flows also are 
biased, a bias (as Arndt correctly explains) 
resulting from the application of non- 
simultaneous techniques to what is (in 
theory) a simultaneous system. Stoll focuses 
upon a part of the Stein-Arndt type of sta- 
tistical problem, Stoll specifies his endog- 
enous speculative variable in such a way as 
to reduce interest rate coefficient bias. As 
Stoll wisely recognizes that past expectations 
can influence current expectations (unless 
random), the most general expression of his 
behavioral equations would have a as the 
coefficient of (S—.S*_3) and b as the coefficient 
of S* (of current expectations). His theoreti- 
cal equation is reducible to 


(3) F/S = c+ (1 —b)R + (1 — a)S21/S, 


where R is the interest rate differential. As 
S¢ and S4, are unknowns, however, they are 
defined functionally in terms of knowns 
(S, F, Fa, R, Ra) and hence eliminated 
from the final estimating equation. The sta- 
tistical equation is then fitted in the con- 


7 Stoll’s speculative variable is specified as St‘=a5 
+-(i—a)S*_:, implying that S* is a geometrically de- 
clining weighted average of past spot rates [15, p. 65]. A 
second order lag generated better results for the U.K. 

8 Data-used in the test were for Canadian capital 
flows, 1952-60. 
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strained form: 
(4) F/S ~ (4 — aF S 
= 1 — b(1 — a) + (1 — b) 
-[R — (1 — a) Ra] + z. 


The coefficient (1—a) is the weight given to 
prior expectations and (1—8) is the interest 
rate coefficient. 

Beyond pointing out the overlooked sig- 
nificance of Stein’s preliminary solution and 
citing theoretically derived justification for 
Stoll’s ingenious econometric test, some of 
the substantive discussion of Stoll in [16], 
wherein he apparently relies upon his model 
of [15], is challenged. Working through ex- 
amples of capital-flow changes prompted by 
exogenous disturbances under both fixed and 
free exchange rate systems, Stoll attempts to 
illustrate that under certain conditions 
Keynes’ “two interest rate” policy will fail 
and that even under flexible rates monetary 
policy is not independent of “international 
considerations.” In two fixed rate cases his 
partial equilibrium analyses are based on 
changes in R that are exogenous. Through- 
out, all exchange rates are from U.S. point 
of view, i.e., the dollar cost of one foreign 
currency unit. 

In Stoll’s second fixed rate case between 
the U.S. and the U.K., the exogenous influ- 
ence is a rise in the U.S. interest rate. Stoll 
states on the one hand, “... the spot rate 
cannot change and no reason exists for ex- 
pectations about future spot rates to change, 

.” [16, p. 895]. On the other hand, he 
says that spot funds “... will be covered 
forward at F so that [the U.S.] F is driven 
up until S*=S<F=F*” (16, p. 895]. Why 
would interest rate arbitragers cover if it is 
expected that the spot rate will remain un- 
changed (S*= S*)? Interest arbitrage becomes 
a function of [(rf—r4)+5*] rather than of 
[(rf—14)+(F—S)/S].° Without the forth- 


° Stoll’s model excludes this possibility by defining all 
hedgers as those who take a risklegs position, Canter- 
bety (3, 4, 5] defines uncovered interest arbitrage ag, in 
part, a function of AS*. Importers and arbitragers only 
attempt to eliminate risk if in fact they have formu- 
lated some expectation about future rate movements, 
including expected no change. These reactions nonethe- 
less are captured statistically in Stoll’s estimates be- 


coming ‘cover, the forward rate would not 
appreciate and U.K. capital outflows would 
simply continue on a mostly uncovered basis. 
The U.K. “two interest rate” policy would 
fail, as Stoll suggests, but not because the 
U.K. forward rate was falling, implying a 
lower future spot rate. An often overlooked 
contributor to this failure is the presence of 
uncovered interest arbitrage under a system 
that guarantees minimal losses for those who 
base some of their exchange activity on S*, 

A third case is under Canadian floating 
rates where the exogenous change is a rise 
in U.S. interest rates. The expected spot 
rate apparently is again exogenous. Stoll 
argues that “...the burden of the initial 
adjustment will be on S,- ++, and not on F 
so that F=F*=S*>S” [16, p. 896]. To 
assert that the burden of change is on the 
spot rate is now to presume that all interest- 
rate arbitrage is uncovered and exports- 
imports unhedged despite the greater risk of 
exchange rate fluctuation in a freely fluctuat- 
ing system. Because of the necessity for 
Canadians to cover under free rates, it is 
more probable that the U.S. forward rate on 
the Canadian dollar will be appreciating 
while the spot rate falters.!° The movement 
to a new equilibrium is that described by 
Stein [13, p. 32-35]. Rather than the con- 
tinuing spot depreciation described by Stoll, 
equilibrium is reached at some lower value of 
S. Interest rate parity (equation (2)) is also 
likely achieved in a short time period. 

Whether the exchange rate moves far 
enough to cause “... Canadian exports 
[to] increase... and inflationary pressure 

..” [16, p. 896] depends upon the arbi- 
trage and import elasticities. The conclusion 
that “...the Canadian authorities re- 
fuse[d] to allow r/ to fall” in 1959 demon- 
strates only that the Canadian monetary 
authorities did not act independently of 
international considerations and contributed 
to a domestic recession; it does not prove 
domestic monetary policy could not have 
been independent.” 


cause of the residual nature of the speculative variable 
in equation (1). 

10 Normal leading and lagging by importera and ex- 
porters would reinforce these rate movements. 

u A careful observer of Canadian economic policies 
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In estimating the modern interest rate 
parity equation (1), there can be two sources 
of simultaneity bias. In Stein’s test, (F—S) 
= h(AS*) and AS*= g(F— S). However, mone- 
tary policy makers sometime change interest 
rates in reaction to changes in S and/or F. 
Thus, R may be also a function of past values 
of S and F, and hence of S* (and vice versa). 

Stoll in [15] estimates equation (2) in 
order to derive an intentionally biased 
estimate of the interest rate parameter. By 
specifying S* as a function of predetermined 
spot prices in testing equation (1), however, 
Stoll eliminates the speculative exchange- 
rate bias encountered by Stein. Because of 
the nature of correlation and Stoll’s tech- 
nique, however, one cannot positively deter- 
mine the direction of cause and effect? 
between R and S*, The Canadian interest 
rate coefficient increased from .80 to .96 
(under flexible rates) after addition of the 
speculative variable to the regression; and 
the U.K. coefficient fell from .80 to .60. 
Stoll attributes these R coefficient changes to 
the elimination of al bias in the interest rate 
parameter estimates. The cause-effect Stoll 


has concluded that “...the primary cause in the 
ensuing difficulties should be sought in Mr. Coyne’s 
{head of the Central Bank] attitudes towards monetary 
policy, and not to the flexible exchange rate mechanism 
as such... ”. See (17, p. 235]. 

8 Let the form of the MT estimating equation (1) 
be F/S=co+81R+825*-+2, where v is the error term. 
Tf S° is regressed against R, we have S*=e1+sR. In 
turn, if the speculative variable is dropped for a test of 
the IRPT equation (2), the expected value of the esti- 
mated regression coefficient (8,) is Ef: =6:+626s. In 
words, the estimated interest rate coefficient is biased 
by the slope coefficient of S* regressed on R. Stoll is 
able, then to calculate an implied regression slope for 
S* against R by comparing his estimated MT coefficients 
for R and S¢ with his biased TRPT coefficient estimate 
for R. In Canada, fa = — 4.0 and in the U.K., fa=.5. 
Even if the final MT estimates for 8; and £3 are un- 
biased, the direction of cause-effect between R and S¢* 
can no more be inferred in this case than it can in any 
simple correlation between two variables, one arbi- 
trarily defined as “dependent” and the other “indepen- 
dent.” The failure to take this into account explains most 
of Stoll’s subsequent interpretive errors. The reader, for 
the sake of accuracy, should bear in mind that Stoll’s 
MT estimates for $, are derived from a constrained 
equation (4) rather than directly from (1). In the IRPT 
tests, E8: = .80 in both Canada and the U.K. In the MT 
test, the coefficient moves close to parity in flexible rate 
Canada. 


presumes [15, pp. 76-77] between interest 
differentials and speculative behavior may 
be at times of a direction opposite that which 
he asserts and at times nonexistent (qua 
Stein’s independence assumption). 

The Canadian authorities raised interest 
rates and S° rose. Did S* rise because of the 
interest rate advance or because of natural 
market forces? Speculation may have been 
stabilizing under freely fluctuating exchange 
rates. Yeager [18], Rhomberg [10], and 
Stein [14], have concluded that speculation 
tended to raise the rate on the Canadian 
dollar during the flexible rate period when it 
was tending to fall. The U.K. authorities 
increased interest rates and S* fell. Did S* 
fall in perverse reaction to the interest rate 
or does this simply suggest that under a 
narrow gold band higher interest rates do not 
necessarily attract capital? In terms of 
monetary policy Stoll’s comparative regres- 
sion results may simply demonstrate that 
policy makers’ reaction to capital flows was 
to change interest rates. Furthermore, under 
free rates the interest changes may have 
been unnecessary and under fixed rates, 
fruitless. 

The foregoing discussion is not intended to 
fault Stoll’s statistical test per se. Indeed, if 
all statistical biases were reduced, Stoll’s 
coefficients approximate the true parameters 
for the reduced form equation in the Stein 
and Canterbery models. Stoll may have 
accomplished the statistical test only at- 
tempted by Stein and never tried by the 
present author. And Stoll’s evidence does 
lend considerable support to the new, more 
general form of interest rate parity. 

What general policy conclusions emerge 
from this debate? First, the new formulation 
of the JRPT, both theoretical and empirical, 
raises doubts concerning the advisability of 
using interest rates directly to influence 
capital flows. If traditional interest rate 
parity prevails with free exchange rates 


3 This possibility escapes Stoll as he claims that in 
the U.K. “., . a fall in the interest differential produces 
pessimism about the course of the pound relative to the 
U.S. dollar, thus causing S° to fall relative to S.” 
{15, p. 76] But one could obtain similar statistical results 
if a speculative variable outweighed the effect on capl- 
tal flows of interest-differential changes. 
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(speculation being stabilizing), no interest 
rate alterations may be required. When 
independent speculative variable changes 
outweigh the effects of interest rate altera- 
tions under fixed exchange rates, interest 
rate policy is less relevant for exchange 
stabilization purposes. With flexible rates, 
smaller (self-limiting) amounts of capital 
may move more rapidly in response to 
interest rate changes. Because of the low-risk 
profitability of uncovered interest arbitrage 
with a narrow gold band, however, large 
capital amounts may flow as interest rates 
change and it is virtually impossible to 
separate speculative from interest-rate 
forces.” 

‘It is not possible then for the monetary 
authorities to predict with any certainty the 
impact of interest rate changes on short-term 
capital flows under a narrow gold band. The 
Canadian monetary authorities may have 
used interest rate changes to support the 
Canadian dollar under a system that does 
not require artificial bolstering (flexible 
rates) and the U.K. may have used a similar 
device for pound support under a system and 
conditions in which such a policy cannot 
succeed. The failure of floating exchange 
rates may rest in the lack of desire of the 
monetary authorities to follow independent 
monetary policies under any system rather 
than resting on the precept that speculation 
necessarily will be destabilizing. 
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SOME NOTES ON THE 
ELASTICITY OF 
SUBSTITUTION 


By Frank S. T. Hstao* 


The first part of this paper demonstrates 
that the use of the concept of curvature is 
useful in checking some properties of the elas- 
ticity of substitution between two factors. 
In particular, it is shown that C. S. Soper’s 
recent discussion [6] on the elasticity of 
substitution in a noneconomic region can be 
derived easily from our method. The second 
part illustrates the elasticity of substitution 
in a per capita output-per capita capital 
diagram, It may be thought of as a counter- 
part to Ronald Jones’s diagram in [5] in the 
factor space. 


I. An Alternative Approach 


Let the production function be given by 
Y=F(N, K), where F is properly differen- 
tiable but not necessarily homogeneous with 
respect to labor N and capital K. Then the 
elasticity of substitution is defined by 


(1) a = (w/k)dk/dw 


where w=Fy/Fxe, R= K/N. If the isoquant 
is strictly convex to the origin, then at each 
point on it, we will have tan8=w and tan 
6=k with 0<6, B< 24/2. 

Hence substituting in (1), we have 


tan 8 d tan @ 
tan ð d@tang 








2 
@) sin £ cos 8 dé 


sin 8 cos 6 dg 
* The author is an assistant professor of economics at 


the University of Colorado (Boulder). He is indebted to 
the referee for useful comments. 


K 





O N 
Ficur 1 


The merit of such a simple transformation 
lies in the fact that we can check immediately 
from (2) some well known properties of o 
without complicated lengthy calculation, as 
has been shown in Allen [1, pp. 342-43]. 

From (2) we see immediately that in the 
usual economic region,! ¢ is positive and 
changes inversely with the curvature of the 
constant product curve in the range 0<8@, 
B<zx/2: Since (2) can be written as 


sin 6 cos 8 
3 
(3) Aa sin 6 cos 0 [ž/ =| 


where 8=x—a, and d8/ds=—da/ds, nega- 
tive of the curvature, and s is the arc length? 
measured in the direction shown by the 
arrow from any fixed point Py on the iso- 


1 Economic region is defined here as the part of 
isoquant with negative slope (tan 6>0). 
Pythagorean theorem, the dif- 
fete of arc length i is, using the symbols of Figure 1, 
ds=4/dN°+-dK?, which may be integrated between 
appropriate limits to give the arc length 


5 eee’ 
s = [VaM + dk 

Py 
see [7, p- 175]. The curvature of a curve is defined as 
da/ds, the sign of which depends on the effect of changes 
of s on the change of the angle a. Thus negative 
(or positive) curvature meansthat the concave side of 
the curve is directed to the right (or left) from a tangent 
whose direction coincides with increasing arc, as shown 
in Figure 1, Figure 2, and also part (I) of Figure 3, 
See [7, p. 404]. 
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FIGURE 2 


quant (see Figure 1). Thus from expression 
(3), each component is positive in 0<8, 
8<r/2, and so a is positive in this range. 
Notice that if the isoquant is concave to 
the origin, then the curvature will be posi- 
tive, and so ¢ becomes negative. 

For 0<8, 6<*/2, s approaches infinity as 
the curvature da/ds approaches 0, and ¢ 
approaches 0 as da/ds approaches infinity. 
On the other hand, with finite curvature and 
0<0<x/2, c=0 if B=0 or 8=x/2, that is, 
if one of the marginal productivities of fac- 
tors vanishes. 

The elasticity of substitution of capital for 
labor and that of labor for capital are the 
same since, by (2), e is symmetric. This may 
be more easily shown by writing (2) as 


G- =) 
sin28 dð sin2\2 F, 2 


Finally, using our method, the sign of ¢ 
can be determined very easily in the uneco- 
nomic region,’ which is defined as the part of 
the factor space where exactly one of the 
marginal productivities of factors are nega- 
tive, thus tan 6<0.4 If the isoquants are 
shaped like Figure 2, which is adopted by 
many textbooks, then the portion of iso- 
quants in the uneconomic region can be 
divided into two parts (I and II in Figures 

3 Compare a similar attempt in Soper [6]. 

í See [3, pp. 300, 305], and also a discussion in [4, 
pp. 457-60]. 





FIGURE 3 


2 and 3). To determine the sign of ¢ in each 
part, we notice from (3) that 


sign e = sign Í8' -0 -cos 8} 
= — sign {0-6'} 


where 6 and 8’ denote the derivatives with 
respect to s. Thus measuring the arc length 
s in the direction shown in Figure 1, and 
noting the simple effect of changes of s on 
the angles a, 8 and 9, the sign of ø in each 
part may be determined as follows: 


C C c 
Ij+ + -= 
Ti+ — + 


If the production function is linearly 
homogeneous, and the uneconomic region 
exists, then the isoquants have a shape like 
Figure 3, where a line through the origin will 
cut an isoquant only once [3].5 The sign of e 
in each part of the uneconomic region is the 
same as those in Figure 2, except that the 
reason for positive elasticity in region II is 
due to 9’ <0, #’>0.5 


ë Solely for our purpose of illustrating the sign of e, 
mathematical symmetry is preserved in Figures 2 and 
3. For an economic argument against symmetry see, 
[3, pp. 305-07). 

t Notice that in Figure 3, ¢ is discontinuous at the 
boundary between I and IT: since 8’ =0 at the boundary 
point, e approaches — œ as 8’ goes to 0 in I, and v ap- 
proaches -+ œ as 6’ goes to 0 in I. 
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Thus, ¢ in the uneconomic region is a 
measure of the elasticity of ‘“‘complementar- 
ity”: one of the marginal productivities is 
negative in this region, hence when the 
marginal rate of substitution decreases, both 
factors must be increased to stay on the 
game isoquant, But the relative rate of in- 
crease differs in Figure 2. In the upper part 
of Figure 2 where the marginal productivity 
of capital is negative, g is negative in I be- 
cause 6’ is positive, which means that the 
demand for capital must increase faster than 
that of labor to stay on the same isoquant. 
This is so, since the capital-labor ratio k 
is less than the absolute value of the ratio 
of factor productivities, |w|, which is now 
measured by the angle æ (less than x/2 in 
this case). On the other hand, in II, where 
k>|o|, o is positive because @ is negative, 
which means & must be decreasing so as to 
stay on the isoquant when (w) is changed. 
Similar reasoning holds in the lower uneco- 
nomic region where the marginal productivity 
of labor is negative. 

We note in passing that, as pointed out by 
Soper [6], when a production function has a 
positive elasticity of substitution in the 
entire factor space, then it can not have an 
uneconomic region. 


I. Two Ilustrations 


Now assume that constant returns to scale 
hold in production, and in addition to labor 
and capital, technological change is incor- 
porated into the production function through 
the time factor ¢, which operates so as to 
raise the output continuously over - time: 
Y=F(N, K; t). If perfect competition exists 
in the factor market, then wages (w) per 
unit of labor employed and profit (r) per 
unit of capital used will be equal to the (posi- 
tive) marginal productivity of factors: 
w=Fy, r=Fg. Rewriting the production 
function into per capita magnitudes: 


(4) y =f, d 


where y= Y/N, R=K/N, f(k, D=F(K/N, 
1; #), we have the relation r=f,(k, i), and 


(5) w = f(k, =) — fr (R, t) 


where w, as well as r, is a function of & and t. 


If in addition the law of diminishing returns 
prevails, then f(k, #)<0, and so factor 
prices and capital-labor ratio have a unique 
relation. 

Thus, from equations (4) and (5), we 
obtain 


oy : 
— = — faf kfar; 
ow 


(if f,=0, then o=(w/y)(dy/dw), which is 
derived in Arrow, et al. [2]). From this ex- 
pression of o, the magnitude of ø in relation 
to unity can be shown in a per capita output- 
per capita capital diagram. In Figure 4, the 
curve OB’ is the productivity curve for a 
fixed time point. At the capital-labor ratio 
OA, the output-labor ratio will be AB. The 
tangent line at B intersects with y-axis at W, 
which gives wages. On the other hand, when 
the capital-labor ratio is OA’, the output- 
labor ratio is A’B’; the tangent line at B’ 
intersects with the y-axis at W’ and k-axis 
at P. Draw a supplemental line from P 
through W and intersect B’A’ at D; also 
draw a line BC parallel to k-axis. 
Then 


Ay/y = BIC/CA’ = (BYA'/CA’) — 1 
Aw/w = W'W/WO = B'D/DA' 
- = (B'A'/DA') —1 


w ð 
hence = = = g 


hence 


Ay sAw (B'A'/CA') ~ 1 


y / w (BAJDA) — 1 
therefore l 
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> < 
e =1 according to CA’ = DA’, 
< > 


Finally, we may use the original definition 
of o given in (1) to express the magnitude of 
o relative to unity in the y-k diagram. 

The supplemental line QZ is drawn paral- 
lel to the tangent line PB’. The ray OB’ 
intersects the perpendicular line AB at F. 
Then, since tangent ZWQO=f;. 0Q =w, PQ 
= Aw, we have 


Aoa/w = PQ/QO = EB'/OE 
= (OB'/OE) — 1 
Ak/k = AA'/OA = FB'/OF 
= (OB’/OF) — 1. 
Hence by equation (1), 


Ak /w OB'/OF—-1 


k / w  OB/OE—1— 


C = 
Therefore 


> < 
c=1 as OF = OE, 
< > 
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PRODUCTIVITY GROWTH IN 
LATIN AMERICA: COMMENT 


By CONSTANTINE MICHALOPOULOS* 


For students of the progress made by 
Latia American countries in their uphill 
struggle for development, the findings of 
H. J. Bruton, in his recent article in this 
Review, might appear very disheartening [2]. 
Briefly, Bruton’s main findings are as follows: 
first, that the mean rate of growth of total 
productivity of five Latin American coun- 
tries between 1940 and 1960 was roughly 
half the productivity growth achieved by 
selected industrial countries over a compar- 
able time period; second, that whatever 
productivity growth these Latin American 
countries did experience, particularly in the 
last decade considered, was not “pure” 
productivity change, but the result of in- 
creased capacity utilization [2, p. 1101]. 

The purpose of this note is to suggest that 
Bruton underestimated productivity growth 
in Latin America. The downward bias in 
Bruton’s productivity estimates will be 
demonstrated through an analysis of the 
functional distribution of income in the Latin 
American countries examined. 


J. Relative Factor Shares 


Bruton’s results are based on a model 
employing the Cobb-Douglas production 
function with disembodied technological 
change. He fitted such a function to data 
from selected Latin American and indus- 
trialized countries for the period 1940 to 
1960. The central feature of his specification 
procedure should be noted: In the absence of 
direct estimates, the shares of capital and 
labor in total output (assumed to be con- 
stant over time) were used to approximate 
output elasticities. Total productivity 
growth was then calculated as an unex- 
plained residual. 

Bruton assigned a share to capital in 
Latin American countries close to double the 
share assigned to capital in industrial 
countries. He made no attempt to justify 


* The author is associate professor of economics at 
Clark University. 
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this choice of shares or the assumption of 
their constancy over time. The shares used 
were explained by stating that “... they 
are consistent with a substantial body of 
evidence,” [2, p. 1102] which, however, was 
neither reproduced nor cited anywhere in 
the study. 

Of course, in determining the magnitude 
of productivity as a residual, the relative 
shares of the two factors used are of crucial 
importance. They act as weights for the 
rates of growth of inputs. The higher the 
weight assigned to the fastest growing factor, 
the lower is the calculated productivity [10]. 
On the other hand, if factor shares did change 
over the period in which they were assumed 
constant, the weights themselves would be 
biased. The weight assigned to the rate of 
growth of the factor whose share has in- 
creased would understate or overstate the 
proper weight, depending on whether it was 
closer to the actual share in the beginning of 
the period or at the end. 

“No effort was made to examine in detail 
the relative factor shares or the direction of 
change in these shares, if any, for the indus- 
trial countries examined by Bruton. How- 
ever, some general observations appear 
warranted. 

There is evidence that labor’s share in the 
United States has been slowly increasing in 
recent periods [9]. Bruton uses a labor share 
for the United States equal to 75 percent, 
which can only be an end period share. On 
the other hand, the 70 percent labor share 
employed for other industrial countries is 
considerably higher than the labor share 
reported by Kerr [7, pp. 275-76] for several 
countries included in Bruton’s sample. In 
both cases the overstatement of the weight 
assigned to the slower growing input, labor, 
would tend to impart an upward bias to 
productivity estimates in the industrial 
countries group. 


Il. An Empirical Investigation 


In light of the structural transformation 
undergone by the Latin American countries 
in the last twenty-five years, it might be 


1 Labor share in Sweden was 60.7 percent in 1951, 
in The Netherlands 48.3 percent in 1949, in France 46.0 
percent between 1947 and 1950. 


reasonable to expect changes in relative fac- 
tor shares, though it might be difficult to 
postulate on the basis of a priori considera- 
tions the direction of such changes. To de- 
termine the magnitude and the changes, if 
any, of relative factor shares in the Latin 
American countries, a separate empirical 
investigation was undertaken. 

The investigation was limited to four of 
the five countries examined by Bruton: 
Argentina, Brazil, Chile, and Colombia. 
Mexico was excluded because data were not 
available in sufficient detail to allow estima- 
tion of factor shares. Data for different years 
were available for each country. However, in 
all four cases the data covered a span of at 
least eleven years. 

In general, the investigation suggests that 
constancy in relative factor shares is a good 
first approximation for all four countries. On 
the other hand, the analysis amply demon- 
strated that the relative factor shares used 
by Bruton are inconsistent with the facts. 
In all four countries Bruton’s weights for 
labor understate the actual weights and 
result in an understatement of total produc- 
tivity change. Table 1 shows the evolution 
of labor’s share of national income in the four 
countries over time. 

The share of labor was computed by sum- 
ming the payments made to labor in the 
form of wages and salaries including fringe 
benefits, and that portion of income originat- 
ing in unincorporated enterprises that was a 
payment for labor services. Data on wages, 
salaries, and fringe benefits were available 
in all cases for the years examined. However, 
data on the share of income from unincor- 
porated enterprises attributable to labor 
were available only for Chile. In the remain- 
ing three countries, this share had to be 
imputed. 

No satisfactory method of imputing the 
labor component of income originating in 
unincorporated enterprises has been devised. 
One approach that may be used is to attempt 
to compute directly the share of one of the 
factors by multiplying its average rate of 
return times its employment in unincor- 
porated enterprises and compute the share 
of the other factor as a residual, by subtract- 
ing from total income originating in the sec- 
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tor [8]. An alternative suggested by Denison 
[3, p. 256] is to assume that labor return 
forms the same portion of total income origi- 
nating in unincorporated enterprises as it 
does in corporations. 

Unfortunately, no data were available to 
make either of the above methods of compu- 
tation possible. So it was decided to assume, 


Taste 1—Lazor’s SHARE or NATIONAL Income IN 
Four LATIN AMERICAN COUNTRIES 








(In Percent) 
Labor Pay- 
3 ments in 
ompensa~ Income 
* Total Labor 
tion of Originating 
xei Employees in Unincor.  #° 
porated 
Enterprises 
(1) (2) (1+2) 
Argentina 
1950-1954 51.3 23.2 74.5 
1954-1957 49.5 24.3 73.8 
1957-1961 45.2 26.9 72.1 
1950-1961 48.5 25.0 73.5 
Bruton’s Estimate 60.0 
Brazil 
1950-1954 42.3 27,2 69.5 
1954-1957 45.5 26.1 71.6 
1957-1960 47.6 24.7 72.3 
1950-1960 44.9 26.1 71.0 
Bruton’s Estimate 55.0 
Chile 


1940-1945 43.0 23.6 
1945-1950 43.5 23.2 
1950-1954 45.7 24.0 
1940-1954 44.0 23.6 
Bruton’s Estimate 


SASRB 
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Colombia 
1950-1954 38.9 29 
1954-1957 39.3 28 
1957-1962 41.9 23. 
1950-1962 40.4 26 
Bruton’s Estimate 


HIRIS 
© © 9 æo 


* For Colombia, income from unincorporated enter- 
prises had to be imputed from data including property 
income, This was done by assuming that property in- 
come was 300% of the sum of corporate savings and 
direct government taxes on corporations. This was only 
a rough estimate arrived at by examining detailed data 
available for Brazil and Argentina. It is believed to be 
on the high side leading to an underestimate of the total 
labor share. 

Sources: For Argentina [8], Brazil [9], Chile [10], 
Colombia [3]. 


as a tentative first approximation, that the 
portion of unincorporated income attribut- 
able to labor in the three countries for which 
data were not available was constant and 
equal to the average share of labor in unin- 
corporated income in the United States for 
the years 1900 to 1949 as presented in 
Johnson [5, p. 178]. This average share 
turned out to be 63 percent. The assumption 
that the share has been constant is reason- 
able if the period is relatively short as it was 
in this case. The assumption that it was the 
same as in the United States in earlier peri- 
ods is obviously open to objections relating 
to the comparability of the structure of pro- 
duction, the technologies employed, and 
relative factor scarcity in the two sets of 
countries. However, as noted, the assump- 
tion was only a tentative one and the inten- 
tion was to discard it if the imputed esti- 
mates derived by employing the United 
States share diverged significantly from 
those calculated directly for Chile. 

A comparison of the imputed labor com- 
ponent of unincorporated income in Argen- 
tina, Brazil, and Colombia, computed by 
using the U.S. share, to labor income origi- 
nating in unincorporated enterprises in 
Chile, revealed striking similarities. These 
similarities among countries at similar stages 
of development strengthened confidence in 
the validity of what might be considered a 
drastic assumption, and enabled me to arrive 
at overall estimate of labor’s share in na- 
tional income? 

Table 1 indicates that the overall labor 
share in the four Latin American countries 
varied little over time. A coefficient of varia- 
tion in the share of labor was computed by 
taking the ratio of the standard deviation to 
the mean labor share in each country. The 
computed coefficient ranged from a low of 
.015 for Argentina to a high of .029 for 
Colombia. By comparison the coefficient 
measuring variation in the share of employee 
compensation in the U.S. national income 
for the period 1940-55 was .032. - 

- 2 The results would not be greatly affected if any 
other reasonable functional breakdown of income origi- 
nating in the unincorporated sector is employed. If, for 
example, the factor weights used by Bruton are em- 


ployed, the share of labor in national income would 
decline at most about 3 percent. 
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TABLE 2—GrowTs RATE OF OUTPUT (rp), LABOR INPUT (r1), CAPITAL INPUT (ra), TOTAL 
PRODUCTIVITY (ra) 


(In Percent Per Year) 

Country Tp . Ta ri rk fafTp faltp 

and Period , (1) (2) (3) (4) (5) 

Argentina x 
1946-1951 3.4 6. 2.4 3.9 .18 12 
1955-1959 1.7 —.3 1.5 3.4 —.18 — .35 
1960-1964 1.2 0. 0. 4.6 —.02 — 50 

Brazil 
1947-1953 5.6 2.2 2.4 5.9 .39 .29 
1955-1959 5.6 2.1 2.8 5.2 38 .30 
1960-1963 5.0 1.5 2.8 5.1 30 24 

Chile 
1940-1945 2.7 1.2 1.8 9 44 52 
1946-1953 3.9 1.5 2.1 3.0 38 36 
1955-1959 3.0 2 2.5 3.4 .07 03 

Colombia 
1946-1953 5.2 2.5 2.1 4.0 48 AA 
1955-1959 4.0 6 2.6 4.9 15 10 
1960-1964 4.5 1.7 2.0 4.3 38 33 


Note: Columns W, ®, (4), (6) are Bruton’s estimates, (2, Table 1, p. 1103]. 


Source: See Table 1 


As shownin Table 1 in all four countries, the 
mean labor share was considerably higher 
than that used by Bruton. This in turn im- 
plies, as noted earlier, that since the rate of 
growth of labor inputs was overall slower 
than the rate of growth of capital inputs, 
total factor productivity in Latin American 
countries would be underestimated. 

Total productivity growth was then re- 
computed using Bruton’s data for the rates 
of growth of output and input, as shown in 
Table 2, Columns (1), (3) and (4), but em- 
ploying as weights the mean labor and capi- 
tal shares for the whole period considered, 
computed from our data. The series appear in 
Table 2. These results contrast sharply with 
those obtained by Bruton and validate our 
contention that he underestimated produc- 
tivity in the Latin American countries 
examined. In all countries and all sub-peri- 
ods, except in Chile for 1940-45, Bruton’s 
estimates of total productivity were lower. 
In some instances Bruton’s ratio of the rate 
of growth of total productivity to the rate of 
growth of output (7,/r,), Column (6), was 


as much as 50 percent lower than my esti- 
mates, Column (5). 


III. Conclusion 


This investigation demonstrated that 
Bruton’s use of questionable factor shares 
led to an underestimate of the productivity 
change in four of five of the Latin American 
countries he investigated. The implications 
of this finding are not damaging for Bruton’s 
contention that in the post-war period total 
productivity change in Latin American 
countries can be explained by changes in 
capacity utilization. Regressions run be- 
tween the new productivity estimates and 
the rate of growth of output and inputs sub- 
stantiate in broad terms Bruton’s conclu- 
sions [2, p. 1109]. However, final judgment 
on this point must be reserved until detailed 
data on capacity utilization and on quality 
of input indices become available. 

Both Bruton’s and my estimates of total 
productivity change are obviously impure in 
the sense that they include other effects be- 
sides “...costless advances in applied 


4, 
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technology, managerial efficiency and indus- 
trial organization,” which alone define pro- 
ductivity change [1, p. 764]. Jorgenson’s 
and Griliches’ recent study has demon- 
strated that, if proper account is taken of 
errors due to aggregation, and changes in 
capacity utilization and factor services are 
properly measured, the ratio of total pro- 
ductivity growth to the output growth of the 
U.S. private sector in the period 1945-65 
was only .03[6, p. 272]. This compares to .46, 
when these adjustments are not made, and 
to .60-.66 found by Bruton for a comparable 
period for the whole economy, but again 
without making proper adjustments [2, p. 
1104]. 

” Since the role of growth in total produc- 
tivity in the United States and presumably 
in other advanced countries when measured 
properly is as small in absolute terms as 
shown by Jorgenson and Griliches, the fact 
that it might have been larger than in Latin 
American countries, even if correct, is of 
small consequence. It certainly does not 
appear to have the dire implications for 
Latin American growth that are suggested 
by Bruton. 

This investigation has unveiled some in- 
teresting facts about factor shares in de- 
veloping countries, a topic hitherto some- 
what neglected. A considerable degree of 
stability in these shares was discovered and 
the functional distribution of income be- 
tween labor and property was shown to be 
not greatly different from the distribution 
encountered in more advanced industrial 
countries. 
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THE TWO GAP APPROACH TO 
AID AND DEVELOPMENT: 
COMMENT 


By Henry J. Bruron* 


The central idea of the “gap analysis” of 
Hollis Chenery and his various collaborators 
is that development tends to create situations 
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which, at various points in time, are charac- 
terized by a plentiful supply of all but one or 
a few of the factors “required” for continued 
development.! For these few, a gap between 
the quantity supplied and that required 
slows growth or halts it completely. When 
growth is thus limited by a bottleneck, there 
is underutilization of other factors. Foreign 
aid can then serve as a means of breaking the 
bottleneck, thereby permitting fuller utiliza- 
tion of all resources and a continuation of 
development. 

Chenery ef al., concentrate most of their 
attention on a saving-investment gap and an 
import-export gap. A target rate of growth 
is postulated and a capital-output ratio is 
accepted as a datum. Hence a specific saving 
rate is derived as necessary to achieve the 
targeted growth rate. Similarly, a fixed rela- 
tionship between imports and growth of 
output is postulated from which one may 
derive the level and rate of growth of im- 
ports required. A saving gap appears when 
the domestic saving rate is below the level 
necessary to permit the investment required 
to achieve the target, while imports are ade- 
quate. Aid covers the saving gap, and per- 
mits the achievement of the target. A trade 
gap appears however if with adequate sav- 
ings, the flow of imports is below the re- 
quired level. Here aid breaks the import 
bottleneck and permits the target to be 
reached. In this latter case, the key as- 
sumption is that the country is unable to 
transform its potential savings into exports. 
Furthermore in a typical developing country, 
one expects a specific time sequence of the 
bottlenecks. 

In the exchange between John Fei and 
Gustav Ranis [8] on the one hand and 
Chenery and Alan Strout [7] on the other, 
primary attention was given to the meaning 
and empirical validity of the parameter val- 
ues necessary to produce the time sequence 
of gaps specified by Chenery. The present 
note seeks to pose a prior question, namely 
the significance of the parameter values nec- 
essary to produce a distinction between the 
gaps at all. Essentially the point here is 
that aid is gap producing, not gap covering, 


1 The principal paper is [6], but there are a number of 
others equally useful. See especially [1], [5]. 


and that accepting it as the latter can in 
fact impede, rather than facilitate, develop- 
ment. To demonstrate this, two issues are 
considered: (1) the existence of two distinct 
gaps during a given short interval of time, 
and (2) the origins of the separate gaps. 
These issues will be taken up in turn. 


I. The Existence of Two Gaps 


Chenery’s major argument as to the exis- 
tence of two gaps is familiar. Emphasis is 
given to a “structural” argument, i.e, in 
any given time period a developing economy 
can neither increase its exports nor decrease 
its imports without imposing underutiliza- 
tion on the economy. Export earnings for 
the bulk of products are largely determined 
by foreign demand conditions, and “a rapid 
increase in exports typically requires the 
development of new export products which 
is limited by productive capacity as well 
as organizational and institutional factors” 
[6, pp. 689-90]. Imports are required by the 
nature and limited flexibility of the produc- 
tive system and of the composition of con- 
sumer demand. With such rigidity assumed, 
if the trade gap is larger than the saving gap, 
saving potential is “wasted”? as resources 
released from consumer goods production can 
be used neither to produce capital goods nor 
exports. To change this structure requires 
extra resources (aid) and time, 

1. The simplest assumption is that all 
(and only) capital goods are imported, that 
all exports are consumer goods, and that 
there are no changes in inventories of con- 
sumer goods or foreign exchange reserves. 
With this assumption, to try to save is to 
reduce consumption and actually to save is 
to do that and to export. Consider Figure 
1. Let dd be the domestic demand curve for 
a typical export (consumer good) and Cf the 
foreign demand curve, i.e., foreign demand is 
perfectly elastic. The total demand curve 
(the curve relevant to the producers) is daf. 
The supply curve is ss and the quantity 
supplied at equilibrium price OC is Cé of 
which Ca is consumed domestically and ad 
is exported. The export of ab represents sav- 
ing, the corresponding imports are capital, 
and the limitation on the rate of capital ac- 
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cumulation (and hence on growth in the 
Chenery model) is the saving rate. If the 
saving rate is increased, the domestic de- 
mand curve shifts leftward to d’d’, domestic 
consumption is reduced and exports and 
capital formation are increased by the same 
amount. Evidently there can be no trade 
gap distinct from the saving gap with these 
assumptions. : 

Suppose, however, that the foreign de- 
mand curve were vertical, as in Figure 2. 
The curve # is obtained by summing hori- 
zontally dd and ff. In this event an increase 
in the saving rate, shown by the shift of dd 
to d'd’, has no effect on exports. The product 
price may tend to fall from OP,, but this 
cannot help because the foreign demand 
curve is completely inelastic, and indeed the 
fall in price must induce an increase in the 
quantity demanded domestically until the 
new equilibrium is reached at price Ps, or 
unemployment will result. Evidently a sim- 
ilar result follows if ff has an elasticity greater 
than zero but less than unity over the rele- 
vant range. If the elasticity of ff exceeds 
unity and is less than infinite, and prices fall 
as domestic demand falls, the rate of capital 
formation will rise with an increase in the 
saving rate, but become increasingly expen- 
sive, i.e., a given increase in the rate of capi- 
tal formation requires more saving (more 
resources devoted to export production) than 
at price Pı. At some point the curve will 
become inelastic and the rate of capital 
formation will have reached its maximum. 


P 








If the target rate of growth requires a higher 
growth rate of capital than this maximum, 
then a trade gap emerges which cannot be 
closed by increasing the saving rate. 

This explanation of a two gap situation 
depends on assumptions about the elasticity 
of the foreign demand curve. There may be 
a problem on the supply side in a heavily 
protected domestic market. In Figure 3 
the foreign demand curve is again horizontal 
at price OP,. At this price, however, domestic 
suppliers are unwilling to export at all and 
survive only because they are protected 
from foreign competition. An increase in the 
saving rate will move the domestic demand 
curve to d'd’, but no increase in exports will 
be forthcoming. Devaluation will help in 





FIGURE 3 
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this case. In terms of the domestic currency, 
devaluation will result in the foreign demand 
curve rising, and a sufficient devaluation 
would then. push Pf to (say) Paf’, where 
increasing the saving rate will necessarily 
raise the rate of capital formation and the 
possibility of two gaps disappears. 

A common situation in the developing 
world involves both Figures 2 and 3. Figure 
2 applies to traditional exports, where for- 
eign demand is quite inelastic and devalua- 
tion will reduce the rate of foreign ex- 
change earnings. Such exports may con- 
stitute a large part of total exports, Figure 
3 applies to a newly established nontradi- 
tional sector (probably, but not necessarily, 
manufacturing). It may face a horizontal 
(or almost horizontal) demand curve, and 
its costs may be such that it is priced out of 
the world market. This sector now consti- 
tutes a very small portion of total exports, 
but devaluation would raise its foreign ex- 
change earnings. With a very large tradi- 
tional sector and a small new sector, simple 
devaluation may not increase foreign ex- 
change earnings, but devaluation plus a duty 
on traditional exports (or dual exchange 
rates) would. Without devaluation and the 
export duty there can indeed be two gaps, 
but they exist not for structural reasons, but 
because of the inability or unwillingness to 
pursue a policy that would eliminate the 
distinction between the gaps. 

2. In the preceding argument the assump- 
tion was made that no capital goods sector 
existed in the developing country. Suppose 
now, however, that there is such a sector, 
but continue to suppose that only capital 
goods are imported. Obviously if a country 
has a capital goods sector, it may transform 
a part of its saving into capital without going 
through international trade. Hence, the rate 
of capital formation required to reach the 
targeted rate of growth of output can be 
achieved with a lower rate of exports than 
in the previous case. It may, however, still 
be “too” small, given the level of exports, 
and the foreign exchange bottleneck appears 
as a consequence of the demand situation 
described above. 

Consider now a more subtle point. A 


capital goods sector is one in which machines, 
equipment, plant, and other forms of physi- 
cal capital are produced, and as such it is 
reasonably well defined. So defined, its 
capacity to produce can clearly be quite 
small. Recent literature, however, has em- 
phasized the importance to development of 
education, technical research, health, and a 
variety of factors other than physical capital. 
These sources of growth are not free, but use 
up investible resources, i.e., the use of re- 
sources to improve education, health, etc. 
is a form of capital formation. The “capital 
goods sector” must then include all activities 
which have the effect of increasing the pro- 
ductive capacity of the economy. With this 
broad definition of “capital goods sector,” 
the notion of the fixity of size of the sector 
becomes virtually untenable. For one would 
then have to say that there is no use of 
investible resources that will raise the pro- 
ductive capacity of the economy. 

Suppose foreign demand were’ such that 
there really was no way to increase foreign 
exchange earnings. Investible resources used 
to increase the capacity of the export sector 
will, in this case, have a social marginal 
product (SMP) of zero (or a capital-output 
ratio infinitely high). Resources used in 
other—domestic—capacity-increasing activi- 
ties (improving or extending education, 
technical research, economic policy research) 
will have (in virtually all cases) a positive 
SMP (or a finite capital-output ratio). Evi- 
dently, then, investible resources should be 
applied to these latter activities. If, when 
available investible resources are applied in 
this way, the target rate of growth of GNP 
is not reached, the problem is that the saving 
rate is too low, i.e., there is again not two 
gaps, only one. 

3. The assumption was made in both 1 
and 2 that only capital goods were imported. 
Consider now the consequence of a given 
structure of production that requires imports 
of raw materials and spare parts to keep the 
existing capacity fully utilized.* For ex- 
ample, automobile assembly plants may 

? One may also introduce consumer good imports 


but the consequence of reduced imports of these prod- 
ucts on the argument is self-evident. 
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exist with no domestic source of steel, and 
to operate the assembly plants at any given 
level of capacity requires imports of steel at 
some specific rate. If steel imports are not 
available at this rate, the level of utilization 
of automobile assembly capacity must fall. 
To curtail imports for this purpose (main- 
tenance imports) in order to step up capital 
goods imports means that the economy is 
penalized in the form of underutilization 
of existing plant and equipment. This situa- 
tion then imposes a lower limit below which 
maintenance imports cannot be reduced 
without sacrificing the level of output as well 
as the rate of growth of output. 

Even here, however, with a given struc- 
ture of production, to assume that import 
requirements are independent of available 
policy measures is to give in much too easily. 
It is easy to find examples where domestic 
policies are such that a high rate of consump- 
tion of import intensive services occurs. This 
applies especially to the pricing of many 
public services, e.g., passenger transporta- 
tion and electric power. The pricing of these 
(import intensive) services is such that their 
consumption is encouraged, where with more 
realistic pricing either greater savings ór a 
shift in consumption would occur, either of 
which would contribute to resolving the 
trade gap. A less obvious point may be of 
greater relevance. If domestic demand for 
consumer products falls as policies to in- 
crease the saving rate are implemented, the 
appearance of excess capacity (at going 
prices) may, as noted, bring about reduced 
prices which might help a bit. The possibility 
that declines in domestic demand will lead 
entrepreneurs to make a greater effort to 
export is important in the present context. 
This greater effort takes the form of more 
intensive market efforts, attempts to main- 
tain announced schedules, possibly financing 
arrangements, and the like. If domestic 
demand is strong, then producers have less 
incentive to search out export markets.* 


4 Evidence on this point is, of course, not beyond ques- 
tion. Perhaps the most useful has to do with evidence 
that in periods of downturns or recessions, in some of 
the developing countries exports rise even though ex- 
port prices do not fall or fall only moderately. This 


Hi. The Origins of the Two Gaps 


Although it is possible to devise a set of 
circumstances where saving cannot be trans- 
formed into capacity-creating activities, the 
possibilities are neither numerous nor empiri- 
cally convincing. Indeed the arguments 
surely suggest quite strongly that, although 
the cost of growth may rise, the distinction 
between the two gaps as an empirical phe- 
nomenon is a rarity, and its explanation, 
where it does exist, as a structural phenom- 
enon, i.e., a phenomenon not lending itself to 
short-term policy measures, is most unlikely. 
Emphasis may be placed on the fact that 
this conclusion does not depend on assump- 
tions as to the empirical magnitudes of the 
several relevant elasticities, Neither does it 
depend on neoclassical assumptions as to 
flexibility and adaptability of all inputs. 
Such assumptions would of course eliminate 
the problem completely. 

Suppose, however, that a structure does 
exist where it is meaningful to speak of two 
gaps; there is still a prior question: namely, 
where did this structure come from? If it 
emerged as a necessary and endemic conse- 
quence of the nature of the development 
process, that is one thing. If it emerged as a 
consequence of specific policy measures, that 
is, of course, another matter. Consider now 
the origins of a two gap situation. 

Professor Chenery explains the origin of 
a two gap economy in terms of the effect of 
aid—supported exchange rates on investment 
allocation relative to that allocation called 
for after aid has been reduced or discontinued 
entirely. Chenery writes [6, p. 726], 

“Tf investment and other allocation decisions are 
based on the exchange rate that is appropriate for 
a substantial flow of aid, they are not likely to 
induce sufficient import substitution or increased 
exports to make possible a future reduction in the 
capital flow. Planning should be based on the higher 
equilibrium exchange rate that would be appro- 
priate to a declining flow of aid in order for the 
necessary changes in the productive structure to be 
brought about in time.” 


After aid is reduced, the inflexibility and 
unadaptability of the system prohibits ad- 








seems especially true for some of the Latin American 
countries. See [11] passin. 
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justments that would have to be made if 
the two gaps were not to appear. There are 
` several reasons why this argument may be 
questioned. 

The first point is purely empirical. Chen- 
ery cites Greece, Israel, Taiwan, and the 
Philippines as instances of successful uses of 
aid. There is no evidence, however, that in 
„these. countries investment allocation was 
based on the higher equilibrium exchange 
rate that is presumed to be appropriate 
after aid is reduced. In the absence of such 
evidence one may think that the success of 
these countries is due to factors other than 
the one isolated by Chenery. 

More important than the empirical evi- 
dence, however, is the argument that the 
same exchange rate can be appropriate for 
a situation where aid is flowing in and for 
the situation after aid has been reduced. 
The central point seems not to be the ex- 
change rate, but rather the composition of 
investment, especially the division between 
the consumer goods sector and the capital 
goods sector,- and the rate of growth of 
productivity. 

In the first part of this paper it was shown 
that, with.a very narrow interpretation of 
capital and defining physical capital as the 
chief or sole source of growth, the size of the 
capital goods sector was strategic in the 
existence of a two gap situation. If the 
domestic capital goods sector were large 
enough, then the required savings could be, 
by definition, transformed into the physical 
capital necessary to produce the targeted 
rate of growth of output. Thus if the capital 
goods sector expands enough during the aid- 
receiving period, then in subsequent periods 
the two gap problem will not emerge. 

Why doesn’t the capital goods sector ex- 
pand in the “balanced” way necessary to 
keep the foreign exchange gap from appear- 
ing? There are many possible reasons, but 
one is surely dominant and leads to a widely 
applicable conclusion. A developing country, 
seeking to industrialize, almost always pro- 
ceeds by way of curtailing imports. In 
choosing the manufacturing sectors to pro- 
tect, it is understandable that policymakers 
select sectors which are least disadvantaged 


in terms of costs or are least “essential” in 
some sense.‘ In a great variety of countries 
consumer durables fall in these categories 
and have become the major types of activi- 
ties to replace imports. Rarely can one find 
a case where capital goods fall in the pro- 
tected categories, as the difference between 
imported price and domestic costs is usually 
much larger than it is for consumer goods, 
and of course no one classifies capital goods 
as luxuries. So the economy has new con- 
sumer goods industries. It has used aid to 
import capital to build industries and pos- 
sibly to import raw materials and spare 
parts to support them. The country has new 
activities the products of which it cannot 
export and which cannot be used to produce 
capital goods. As this process continues, 
the country acquires more activities of this 
sort. As the amount of investment rises, 
more imports of capital goods and more 
maintenance imports are demanded, and the 
kind of situation shown in Figures 2 and 3 
emerges. 

Suppose aid were maintained in sufficient 
quantities to support the investment for a 
number of years, and then reduced. Evi- 
dently, the investment rate would have to 
fall. Now does the gap problem emerge be- 
cause of the exchange rate question referred 
to by Chenery? It is difficult to believe so. 
There is indeed a signal problem, but it is 
not a question of the exchange rate signal. 
It is rather the absence of a signal. Investing 
in the least disadvantaged sector creates 
activities whose relevance for a general 
equilibrium solution is purely coincidental, 
and one must fall back on a projection of the 
“structure” of the economy to ascertain the 
correct allocation of investment, i.e., the 
allocation that will prevent the growth 
process from grinding to a halt when aid is 
tapered off. 

Suppose the activities which are initially 
least disadvantaged are all consumer goods 
industries. Then as aid falls and the bottle- 
neck previously described emerges, this is a 
signal that investment should have occurred 

4 For a very lucid, thoroughly documented discussion 


of this point as it applies to Latin America, see Santiago 
Macario [9]. 
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in the capital goods sector in order for the 
growth to continue. To produce capital goods 
domestically is by assumption, and in fact, 
more costly than producing consumer goods. 
If this were not the case, capital goods 
would have been produced initially domesti- 
cally rather than consumer goods. As the 
country reaches the point where additional 
substitution of domestic production for im- 
ported consumer goods is not possible, it 
must begin to build capital goods. Then the 
cost of growth begins to rise. In this event, 
one would be saying not that the country 
had hit a foreign exchange barrier, but 
rather that the country was too poor to 
support its own development. This, however, 
is precisely the saving problem.’ The only 
difference between this stage and the pre- 
vious one is the size of the development bill, 
and the notion that the developing country 
can pay the lower price, but not the higher 
one. Obviously, this is a saving problem, not 
a trade gap problem. 

Tf one argued that the country could not 
build capital goods because it did not have 
the labor skills, organization skills, and tech- 
nical knowledge to do the job, this fact 
(assuming it to be a fact) is itself evidence of 
the wrong allocation of investment at some 
point in the past. Thus when Chenery writes 
that the “existing economic structure at any 
moment of time also limits the feasible 
growth of export earnings” [6, p. 689] and 
that “a rapid increase in exports typically 
requires the development of new export 
products, which is limited by productive 
capacity as well as organizational and insti- 
tutional factors” [6, pp. 689-90] and that 
these difficulties can be removed only over 
time, he is saying that investment allocation 
in the past has now proved to be wrong. It 
was wrong in the sense that it produced a 


š The usual view of the development process in the 
USSR illustrates this point. The Soviet Union depended 
little, if at all, on imports, and did not hit a trade 
barrier. In the simplest terms, the explanation is that 
the Soviet leaders were willing and able to force a level 
of saving on the economy that did permit the construc- 
tion of a large and costly capital goods sector. More 
directly, the great capacity of the Soviet government 
to force saving solved the trade gap problem. On the 
general argument see Winston [10]. 


“structure” that cannot now be fully ex- 
ploited. Where the difficulties are now skills 
and technology, the conclusion is that earlier 
investments should have been in activities 
that developed these aspects of the economy. 

What emerges from these arguments is 
quite orthodox, and very much in line with 
lees Chenery has taught us in his several 

rs on investment allocation criteria- 
iB [4]. The point here is to emphasize that 
fe special difficulties attributed by Chenery 
to exchange rates with aid and after the end 
of aid are not really the heart of the issue. 
The problem is simply the old one of achiev- 
ing the optimal saving rate and an invest- 
ment composition that follows the social 
marginal productivity criterion. This cri- 
terion, broadly defined,‘ is of course difficult 
to apply in any circumstance, but that is not 
the point. In this case one must project the 
structure and allocate the investment to seek 
to prevent gaps in this structure from emerg- 
ing. The allocation criterion must be gap 
prevention rather than least disadvantaged 
or some other cost based argument. 

There is a final point of great relevance. 
Suppose a trade gap appears due either to 
distortions emphasized here or to Chenery’s 
structural arguments. Aid can then provide 
the resources to correct or change this set of 
circumstances, Aid can also do something 
else. It can provide the resources with which 
an economy can continue to function ac- 
ceptably without bringing about the elimina- 
tion of the distortions or changing the 
structure. By relieving the pressure on the 
system, aid may also reduce not only the 
incentive to make painful changes, it may 
hide the location of the right allocations. 
The point here is, not that international aid 
should be reduced, but rather that its effec- 
tive use places great demands on the policy- 
makers as to the understanding of the devel- 
opment process. Policies built around the 
assumption that a trade gap is a necessary 
condition of development may impede that 
understanding. 


6 “Broadly defined” means inclusive of the “side” or 
‘Gndirect” effects, e.g., effect on saving rates, on labor 
training, population growth, now commonly included 
in allocation analysis. See [2, Chapter 15}. 
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IL. Conclusion 


This paper has argued three things: (1) 
the distinction between the two gaps is due 
to particular policies that themselves are 
growth impeding, and not to some inherent 
characteristic of the. development process; 
(2) that foreign aid based on the assumption 
that there are two gaps may tend to perpet- 
uate these growth impeding policies; and 
(3) that the traditional investment alloca- 
tion issues remain strategic in development 
policymaking. 
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THE TWO GAP APPROACH TO 
AID AND DEVELOPMENT: 
A REPLY TO BRUTON 


By Horus B. CHENERY* 


I find myself in agreement with most of 
H. J. Bruton’s analysis but in disagreement 
with his main conclusions. The source of our 
disagreement lies in Bruton’s reliance on the 
assumptions of neoclassical equilibrium, 
whereas the two gap approach assumes that 
underdeveloped economies are considerably 
less flexible. I will try to identify the main 
differences in assumptions before taking up 
their policy implications. 


I 


“Gap analysis” is a by-product of at- 
tempts to determine the actual policy 
alternatives facing underdeveloped coun- 
tries.! It focuses on the probable limits to 
accelerated growth and the extent to which 
they can be overcome through the use of 
external resources. In this framework, the 
two gap diagnosis has two different mean- 
ings: (i) as a description of an existing condi- 
tion of structural disequilibrium; (ii) as a 
potential limit to future growth. Although 
the widespread diagnosis of existing dis- 
equilibrium provides evidence that the 
problem is rea] and important, it is the dis- 
tinction between the trade and savings limits 
in the future that is more relevant for policy. 

It has become customary to accept a 
government’s limited ability to increase taxes 
and otherwise affect savings as given, but to 
regard its limited success in increasing ex- 
ports or curtailing imports as merely evi- 
dence of bad policy. There seems to be no a 


* Center for International Affairs, Harvard Uni- 
versity. 

1 Most of the applications deal with individual 
countries [1}, [3], [4]. My paper with Strout [5] omitted 
this detailed discussion in trying to draw general 
conclusions, 
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priori reason to make such a strong distinc- 
tion, however. In both cases, the limits to 
government action are set by its diagnosis 
of the problem, the likely response of the 
economy, and the political acceptability of 
the results. If one is planning for accelerated 
development over the next five or ten years, 
the question becomes an empirical one: how 
rapidly can both the trade and savings limits 
be raised with optimal policies, including the 
use of external resources?? 

Equilibrium theory has little to say about 
such questions. Two gap analysis assumes 
that it will be difficult or impossible to main- 
tain an optimal relation between the two 
limits, particularly if we start from a situa- 
tion in which they are not equally con- 
straining, and therefore incorporates them 
explicitly in the analysis of capital inflows. 

A diagnosis of past causes of either bal- 
ance of payments disequilibrium or low 
savings rates is important primarily for the 
guidance that it provides as to future possi- 
bilities for improved performance. Whether 
or not disequilibrium in the payments 
balance could have been avoided by having 
had a higher peso-dollar exchange rate for 
the past ten years does not determine 
whether the current problem in country X is 
structural. The effects of an overvalued rate 
or other misguided policies are incorporated 
in the existing distorted structure of produc- 
tion and trade. The fact that it requires a re- 
allocation of investment and other changes 
extending beyond the short run to expand 
the trade limit makes the problem structural, 
whatever its origin. 

In summary, two gap analysis assumes 
that past policies may have been imperfect 
and that it will take time to bring about the 


3In the first two gap paper—on Israel [3]—the 
question was reversed: how rapidly could the large 
inflow of capital be reduced while maintaining the high 
rate of growth. The evidence that for several years to 
come the trade gap would be more of a limiting factor 
than the savings gap was quite persuasive once the 
implied shifts in investment allocation and the required 
growth of exports were examined. In this case, the 
demonstration did not rely on a finding of a difference 
between the two gaps at the existing level of capital 
inflow. 


increase in savings and exports needed to 
support accelerated growth. It also in- 
corporates estimates of the effects over time 
of policies designed to accomplish these 
structural changes. Bruton argues that the 
problem would not exist if countries had 
followed ideal policies in the past. Whether 
or not this is true, it is not particularly rele- 
vant to a description of actual policy alterna- 
tives.® 


It 


Bruton’s main contribution to the two 
gap discussion is his suggestion that there 
are forms of productive investment in human 
resources, research, etc., that do not require 
imported capital goods. So long as this type 
of investment can be expanded with positive 
productivity, the trade limit cannot prevent 
the translation of potential savings into 
investment and the possibility of excess 
savings disappears. However, the effect of 
the trade limitation is still reflected in the 
difference between the lower growth result- 
ing from this constraint on the composition 
of investment and the higher growth pro- 
duced with an optimal composition. The 
magnitude of this reduction is shown below 
to be the relevant empirical question, not 
whether the marginal product of investment 
in the trade-limited case is zero or “very 
low.” 

Several of the two gap papers [2], [4], [5] 
have considered ways in which an increase in 
output might be achieved by fuller use of 
potential savings. They conclude that addi- 
tional investment in exports or import sub- 
stitutes with a lower return to capital is the 
most likely possibility, and subsequent 
analysis was based on that assumption. Bru- 
ton’s suggestion provides an indirect way of 
substituting domestic savings for imported 
capital goods by changing the composition 
of investment. We all conclude that it will 
be efficient under most assumptions to 
eliminate the“... gap between the gaps...” 
[5, p. 701]. However, using all the potential 


1 The discussion is reminiscent of the debate over the 
“necessity” of Keynesian unemployment in an earlier 
day. 
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savings is not equivalent to getting rid of the 
trade limit nor does it reduce the desirability 
of external capital. 


uI 


The question remains as to whether 
Bruton’s results affect the other implications 
of the two gap formulation as to the pro- 
ductivity of external assistance and the 
allocation of investment. The effect of Bru- 
ton’s “investment in education” on the 
two gap description of development alterna- 
tives is shown in Figure 1, which is similar to 
the empirically based aid productivity func- 
tions in [2], [3], [4]. If there were no trade 
limit, the contribution of external capital to 
growth of GNP would be given by the curve 
A'BC. If a trade limit is assumed with no 
use for surplus savings, the productivity of 
external capital is lowered to ABC and the 
aid requirement for a target GNP below F, 
is increased. Either Bruton’s additional 
investment in education or my trade-im- 
proving investment results in an intermedi- 
ate segment A” B, whose distance below A’B 
depends on the fall in the marginal pro- 
ductivity of the additional investment. 

Several two gap studies concluded that it 
would normally be efficient to borrow at 


least up to point B, where the marginal 
productivity of external capital drops. Sub- 
stituting “low productivity” for “zero pro- 
ductivity” uses of savings at the margin is 
not likely to change this conclusion, since the 
productivity of aid up to an amount F; will 
be significantly greater below that point on 
both Bruton’s and my assumptions.‘ 

Bruton and I agree that the trade limit 
typically arises when easy (and cheap) im- 
port substitution possibilities have been 
exhausted and traditional exports no longer 
suffice to finance the remaining import needs. 
Although external capital may provide a 
short-term solution, investment must be 
redirected to either new (often manufac- 
tured) exports or to new import substitutes, 
either in capital goods or intermediate prod- 
ucts. Bruton’s treatment of these alterna- 
tives is curiously one sided. Although in 
Section I he points out the possibility of 
expanding manufactured exports if the 
exchange rate is devalued, the only solution 
suggested in Section II is to substitute for 
imports of capital goods. I take it that we 
would agree on how this choice should be 
made, either by linear programming in a 
general equilibrium framework (as in [2]) or 
by a partial approximation that compares 
the cost of dollar earning to dollar saving. In 
either case, the shadow price of foreign ex- 
change is a key to the right choice. Empiri- 
cally, I would argue that it will usually 
point to increased exports rather than to 
capital goods as the cheaper way to expand 
the trade limit. Hence my emphasis on this 
variable as a guide to future equilibration of 
the two gaps. 


t In the linear programming formulation of [4], the 
value of external capital is a weighted sum of the shadow 
prices of savings and foreign exchange. Along the seg- 
ment AB the shadow price of savings is zero, while along 
A”B both prices are positive. The importance of the 
trade limit is determined by the relative weight of 
exchange saving in determining the value of external 
capital. 

* For some reason Bruton has taken my discussion of 
the role of the exchange rate in guiding resource alloca- 
tion in the future to be my explanation of the causes of 
existing two gap disequilibria. My intention was to 
argue that the equilibrium exchange rate is a function of 
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Although two gap disequilibrium seems in 
theory to be no more inevitable than Keynes- 
ian unemployment, it remains to be seen 
whether economists will have greater succéss 
in helping governments to avoid it. Up to 
now the record is not impressive. My own 
guess is that the exchange rate alone will 
prove as inadequate as the interest rate has 
been in the Keynesian situation, and that 
more comprehensive policy packages will be 
needed to secure the needed redirection of 
resources. Until this triumph of economic 
science takes place, there will be some use for 
two gap thinking. 





the rate of capital inflow—as is amply demonstrated in 
[2}——-and that its rise with declining capital inflow 
provides a measure of both the increasing cost of devel- 
opment and a guide to the allocation of investment be- 
tween export expansion and import substitution (in- 
cluding the capital goods industry). Since Bruton quotes 
my other writings on investment criteria with approval, 
I can only conclude that the statement in [5, p. 726] is 
obscure. 
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NOTES 


An Invitation from Kenneth E. Boulding 
to Join a New Association for the Study 
of the Granis Economy (ASGE) 


The grants economy is becoming a sizeable part of 
all modern economic systems and is an essential instru- 
ment in the study of the integrative system. Its theory 
is an essential complement to the theory of exchange 
and is in no way inconsistent with it. It does involve 
expanding the underlying psychology of economics be- 
yond such concepts as the Paretian optimum, to in- 
clude concepts of interrelatedness of utility functions 
through benevolence or malevolence and to include 
certain elements of what is being called the “integrative 
system,” such as the status and identity of individuals 
and the communities with which they identify. The 
international and comparative study of the grants 
economy is an important element of the problem. 

‘The membership will be both international and inter- 
disciplinary and open to all who are interested. The 
subscription fee of $2 may be sent, or membership forms 
may be obtained by contacting the Secretary-Trea- 
surer, Professor Martin Pfaff, Guest Scholar, The 
Brookings Institution, 1775 Massachusetts Ave., N.W., 
Washington, D.C. 20036, 

ASGE will hold a symposium in Boston, Massachu- 
setts December 26-27, 1969 as part of the annual 
meeting of the American Association for the Advance- 
ment of Science, and coordinated by its section of 
Social and Economic Sciences. 

The interests of the syposium include the various 
areas outlined above, and related topics. Thus, sessions 
are planned in order to study the theoretical aspects, 
especially measuring techniques, of unilateral transfers; 
and offer empirical examinations regarding motivations 
and attainments of various types of unilateral transfers. 

Economists and other social scientists who would like 
to contribute papers are invited to forward titles and 
abstracts of 300 words to Professor Janos Horvath, Pro- 
gram Coordinator, Department of Economics, Butler 
University, Indianapolis, Indiana 46208, not later than 
August 25. 


Travel grants to residents of Australia, New Zea- 
land, Singapore, South Africa and the West Indies were 
announced by Carnegie Corporation of New York. 

Z. S. Gurzynski, senior lecturer in economics, Uni- 
versity of Cape Town, to study teaching methods and 
research in urban and regional economics in the U.S. 
and Canada. Arriving December 1969. 

Marcell Kooy, senior lecturer in economics, Uni- 
versity of Cape Town, to study teaching of economic 
history and student-faculty relations in the U.S. Arriv- 
ing September 1970. 


Announcement of foreign economists available for 
appointments in U.S. universities and colleges under 
provisions of the Fulbright-Hays Act for the academic 
year 1969-70. 

Yugoslavia: Ljubivoj Blagojevic, Eftim Bojadziev- 
ski, Juraj Padjen, Mladen Stretenovic, Vinko Trcek, 
and Japan: Makoto Sakurabayashi. 

Inquiries should be addressed to: Miss Grace E. L. 
Haskins, Program Officer, Committee on International 
Exchange of Persons, Conference Board of Associated 
Research Councils, 2101 Constitution Avenue, N.W., 
Washington, D.C. 20418 or via telephone—Area Code 
202, 961-1648. 


The economics department in the School of Com- 
merce and the economics department in Washington 
Square College have merged into a single undergraduate 
economics department at the Washington Square 
campus of New York University. 


The 54th annual meeting of the Association for the 
Study of Negro Life and History will be held Thursday- 
Sunday, October 9-12, 1969 at the Tutwiler Hotel, 
Birmingham, Alabama. 

Persons interested in proposing sessions or papers 
should write to the Program Chairman, Walter Fisher, 
Department of History, Morgan State College, Balti- 
more, Maryland 21212. 


The 20th Alaska Science Conference will be held 
August 24-27, 1969 at the University of Alaska cam- 
pus, near Fairbanks, under the auspices of the Alaska 
Division, American Association for the Advancement 
of Science. Conference symposia and panels will be or- 
ganized around the theme “Change in the North: People 
Resources, and Environment.” 

For information about submission of papers or at- 
tendance, contact Victor Fischer, Conference Chair- 
man, University of Alaska, College, Alaska 99701. 


The National Institute of Social and Behavioral 
Science will hold sessions for contributed papers at the 
136th annual meeting of the American Association for 
the Advancement of Science in Boston December 26-31, 
1969. Economists interested in presenting a paper at 
these sessions are invited to forward titles and abstracts 
of some 300 words to Donald P. Ray, Director, Na- 
tional Institute of Social and Behavioral Science, 863 
Benjamin Franklin Station, Washington, D.C. 20044 
by August 25. 


Frank W. Taussig Award Winner 


The first winner of the Frank W. Taussig award, 
sponsored by Omicron Delta Epsilon, is Mr. David S. 
Davenport of Amherst College. His winning essay was 
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“Collusive Competition in Major League Baseball: Its 
Theory and Institutional Development.” 

Mr. Davenport’s paper was selected for the award 
by a board consisting of Professors, Kenneth J. Arrow, 
Kenneth E. Boulding, Milton Friedman, Paul A. 
Samuelson, and Egon Neuberger (Editor). 


The Center for Law and Behavioral Science at the 
University of Wisconsin announces the 1969 Summer 
Institute in Behavioral Science and Law. 

Funded by the National Science Foundation, the 
Institute will provide graduate students and law stu- 
dents with an opportunity to explore the problems of 
applying behavioral science to the study of law in 
society. 

The curriculum for the Institute will include three 
basic graduate courses: “Law and Social Science”, 
“Problems in Deviance and Criminal Responsibility”, 
and “Basic Methods of Empirical Inquiry”. 

Students who are admitted will receive a stipend and 
travel allowance, and may receive graduate credit for 
courses taken. For further information, contact Pro- 
fessor Stuart A. Scheingold, Director, Summer Institute 
in Behavioral Science and Law, Department of Political 
Science, 406 North Hall, The University of Wisconsin, 
Madison, Wisconsin 53706. 


Note on Exchange Adverlisemenis 


At the March 1969 meeting of the Executive Com- 
mittee of the American Economic Association, it was 
decided to discontinue exchange advertisements with 
other economic journals. These ads are no longer needed 
because of the complete service provided by the Journal 
of Economic Literature, which prints titles and abstracts 
of articles in the major economic journals, 


Deaths 


Harold Abel, Denver, Colorado, February 16, 1969. 

Adolph G. Abramson, Jenkintown, Pennsylvania. 

Alexander Brody, assistant professor of economics, 
The City College of the City University of New York, 
October 20, 1968. 

James E. Chace, Jr., Gainesville, Florida, December 
12, 1968. 

Dorothy Wolff Douglas, visiting professor of eco- 
nomics, Hofstra University, December 9, 1968. 

John T. Harris, Birmingham, Alabama, December 18, 
1968. 

Karl Karsten, Washington, D.C., May 23, 1968. 

Karl E. Lachmann, New Gardens, New York, August 
30, 1968. 

Charles Lemelin, Quebec, Canada, September, 1968. 

Gabriel Lundy, head, agricultural economics depart- 
ment, South Dakota State University, 1936-1949, 
November 2, 1968. 

Kuldip S. Mali, professor of economics, University of 
Omaha, July 1, 1968. 

F. Eugene Melder, professor of economics, Clark 
University, December 27, 1968. 


Jacob Perlman, Washington, D.C., April 8, 1968. 

Michael A. Plesher, Phoenix, Arizona, September 12, 
1968. 

David J. Sapoas, Washington, D.C., November 13, 
1968. 

Arthur Schatzow, Silver Spring, Maryland, October 
1, 1968. i 

Andrew B. Schmidt, professor emeritus of economics, 
University of Arizona, February 22, 1969. 

Julius T. Wendzel, Richland, Michigan, November 
27, 1968. 

Mary C. Wing, Washington, D.C., September 28, 
1968. 


Retirements 


Robert J. Barr, professor emeritus, Marquette Uni- 
versity. 

Roderick B. Crane, professor of economics, Univer- 
sity of Nebraska, Omaha, June 1969. 

Walter Froehlich, professor emeritus, Marquette 
University. i 

Max Gideonse, professor of economics, Rutgers-The 
State University, June 1969. 

William S. Hopkins, professor of economics, Univer- 
sity of Washington, Seattle, June 1969. 

Mortin J. Plotnik, professor of economics, Ilinois 
Wesleyan University, June 1969. 

Geoffrey S. Shepherd, professor of economics, Iowa 
State University, May 1969. 

Verne F. Simons, associate professor of accounting, 
Rice University, June 1969, 

Hans Singer, United Nations: chair, Institute of 
Development Studies, University of Sussex, England. 

Harold F. Williamson, professor of economics, North- 
western University, June 1969. 


Visiting Foreign Scholars 


Josè Encarnacidn, Jr., University of the Philippines: 
visiting professor of economics, University of Wiscon- 
sin-Madison. 

Max Hartwell, Nuffield College, Oxford: visiting 
professor, University of Washington, Seattle. 

Fred C. Hung, University of Hawaii, Honolulu: 
visiting associate professor, University of Washington, 
Seattle. 

Eric L. Jones, visiting professor of economics, Uni- 
versity of Reading, England: Northwestern University. 

Meheroo F. Jussawalla, Hyderabad, India: visiting 
lecturer in economics, Hood College, Spring 1970. 

Michael Landsberger, Jerusalem, Israel: visiting 
lecturer of economics, University of Pennsylvania, fall 
1969. 

John E. La Tourette, SUNY Binghamton: visiting 
scholar of economics, Arizona State University, spring 
1969. 

Richard G. Lipsey, University of Essex: visiting pro- 
fessor of economics, University of British Columbia, 
fall 1969. 

Lachlan McGregor, Monash University: visiting asso- 
ciate professor of economics, Northwestern University. 

Edward Nell, University of East Anglia, Norwich, 
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England: advanced theory, New School for Social Re- 
search. 

Ivor Pearce, University of Southampton: visiting 
professor of economics, University of Pennsylvania, fall 
1969. 

John D. Pitchford, Australian National University: 
visiting professor, department of economics and com- 
merce, Simon Fraser University. 

Johannes Antonious Ponsioen, Institute of Social 
Studies, the Hague: visiting professor socioeconomic 
development, University of New Hampshire, fall 1968. 

James Richmond, University of Essex: visiting assis- 
tant professor of economics, Northwestern University. 

Kazuo Sato, United Nations: visiting professor of 
economics, Massachusetts Institute of Technology. 

N. Eugene Savin, University of Essex: visiting assis- 
tant professor, Northwestern University. 

Erich Schneider, Kiel University: visiting professor 
of economics, University of Pennsylvania, fall 1969. 

Keith Sloane, Australian National University: visit- 
ing lecturer of economics, University of Pennsylvania, 
fall 1969. 

C. Christian von Weizsäcker, Heidelberg University: 
visiting professor of economics, Massachusetts Institute 
of Technology. 

David Wall, University of Sussex: visiting research 
specialist, language and area center for Latin America, 
University of Wisconsin-Milwaukee, summer 1969; 
visiting fellow in economics, University of Chicago. 


Promotions 


Robert T. Averitt: professor, Smith College. 

Burley V. Bechdolt, Jr.: assistant professor, Cali- 
fornia State College at Los Angelea. 

Jere R. Behrman: associate professor of economics, 
University of Pennsylvania. 

David A. Belsley: associate professor of economics, 
Boston College. 

Donald B. Billings: assistant professor of economics, 
California State College, Long Beach. 

Thomas Bruce Birkenhead: associate professor of 
economics, Brooklyn College. 

Edwin Burmeister: associate professor of economics, 
University of Pennsylvania. 

Leonard Cain: associate professor of economics, The 
Catholic University of America. 

John K. Chang: associate professor of economics, 
Lafayette College. 

Curtis A. Cramer: associate professor, The Univer- 
sity of Wyoming. 

Karen Davis: assistant professor of economics, Rice 
University. 

Eugene J. Devine: assistant professor of economics, 
Simon Fraser University. 

Gordon K. Douglass: professor of economics, Po- 
mona College and Claremont Graduate School. 

Michael K. Evans: associate professor of economics, 
University of Pennsylvania. 

Mark Z. Fabrycy: associate professor of economics, 
New York University. 

Duncan K. Foley: asgociate professor of economics, 
Massachusetts Institute of Technology. 


Stanley Friedlander: associate professor, The City 
College of the City University of New York. 

Jean Wilburn Gooch: associate professor of econom- 
ics, Barnard College, Columbia University. 

Herschel I. Grossman: associate professor of eco- 
nomics, Brown University. 

Peter M. Gutmann: professor of economics, Bernard 
M. Baruch College of the City University of New York. 

Oswald Honkalehto: associate professor of economics, 
Colgate University. 

Frank Hsiao (Sheng-tieh): associate professor, Uni- 
versity of Colorado. 

Erich Isaac: professor, The City College of the City 
University of New York. 

George Jensen: associate professor of economics, 
California State College, Los Angeles. 

Robert Jones: assistant professor, The City College 
of the City University of New York. 

F. Thomas Juster: vice president-research, National 
Bureau of Economic Research. 

J. William Leasure: professor of economics, San Diego 
State College. 

Mildred G. Massey: professor of economics, Califor- 
nia State College, Los Angeles. 

Laurence J. Mauer: associate professor of economics, 
Northern Ilinois University. 

Abraham Melezin: associate professor, The City 
College of the City University of New York. 

Constantine Michalopoulos: associate professor of 
economics, Clark University. 

Se-Hark Park: associate professor, Marquette Uni- 
versity. 

Harold Petersen: associate professor of economics, 
Boston College.: ; 

Robert A. Pollak: associate professor of economics, 
University of Pennsylvania. 

Ibrahim I. Poroy: associate professor of economics, 
San Diego State College. 

Richard L. Porter: professor of economics, Oklahoma 
State University. 

Hyman Sardy: associate professor of economics, 
Brooklyn College. 

Samuel H. Talley: associate professor of economics, 
University of Maine. 

John A. Tomaske: associate professor of economics, 
California State College, Los Angeles. 

Theodore Walther: associate professor of economics, 
Bates College. 

Oliver E. Williamson: professor of economics, Uni- 
versity of Pennsylvania. 

Alexander Woroniak: associate professor of eco- 
nomics, The Catholic University of America. 

Kozo Yamamura: professor of economics, Boston 
College. 


Administrative Appointments 


Pekka Ahtiala: dean, faculty of economics and ad- 
ministration, Tampere University. 

Edward Ames: chairman, department of economics, 
State University of New York, Stony Brook. 

Gordon C. Bjork: president, Linfield College. 

Forrest C. Blodgett: assistant business manager, 
Linfield College. 
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Levi Carlile: associate professor and chairman of the 
economics department, Linfield College. 

Jerome B. Cohen: dean of the School of Business 
Administration, Bernard M. Baruch College of the City 
University of New York. 

Harry L. Cook: chairman, department of economics, 
Southern Oregon College. 

John S. Day: dean, Purdue University School of 
Business. 

Daniel E. Diamond: vice dean, School of Commerce, 
New York University. , 

Robert L. Heilbroner: chairman, department of 
economics, New School for Social Research. 

T. Edward Hollander: vice chancellor for budget and 
planning, The City University of New York. : 

Pamela Haddy Kacser, American University: chief, 
division of economic analysis, Office of the Secretary, 
Department of Health, Education and Welfare. 

Rene P. Manes: associate dean, Purdue University 
School of Business. 

Francis B. McCormick: associate chairman of the 
department of agricultural economics and rural soci- 
ology, Ohio State University, December 1968. 

Noah M. Meltz, University of Toronto: acting chair- 
man of the social sciences, Scarborough College. ; 

Sid Mittra: acting chairman, economics department, 
Oakland University. 

Donald A. Moore: chairman of the department of 
economics, California State College, Los Angeles. 

Max Myers: director, Institute of Social Sciences for 
Rural-Urban Research and Planning, South Dakota 
State University. i 

James R. Nelson: chairman, department of econom- 
ics, Amherst College. 

Herbert E. Newman: chairman, department of eco- 
nomics and sociology, Hood College, 

Jan. Parker: chairman, department of economics, 
Sweet Briar College. 

Alberto M. Piedra: chairman, department of eco- 
nomics, The Catholic University of America. 

Bruce N. Robinson: assistant to the president, Haver- 
ford College. 

Richard L. Ruth, Marquette University: associate 
professor, chairman of department of economics, St. 
Mary’s University, Halifax. 

Louis H. Schuster: dean of faculty, Mattatuck Com- 
munity College. 

Jack W. Skeels: associate dean and professor of 
economics, College of Liberal Arts & Sciences, Northern 
Illinois University. 

Lloyd Swenson: director of financial aid, Linfield 
College. 

Jobn E. Thompson: head of the economics depart- 
ment, South Dakota State University. 

Gene B. Tipton: associate chairman, department of 
economics, California State College, Los Angeles. 

Leland B. Yeager: acting chairman, department of 
economics, University of Virginia. 

John H. Young: dean, faculty of arts, University of 
British Columbia. 

Elliot Zupnick: associate dean, Graduate Center, 
City University of New York. 
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A ppoiniments 


Frank J. Alessio: assistant professor of economics, 
University of Arizona. 

Clark Lee Allen, Southern Dlinois University: pro- 
fessor, Florida Presbyterian College. 

James Anderson: instructor, Boston College. 

Leslie Aspin: assistant professor of economics, Mar- 
quette University, and consultant to the Office of the 
Joint Economic Committee. 

Raymond J. Ball: assistant professor of accounting, 
Graduate School of Business, University of Chicago. 

Anton P. Barten: visiting professor of econometrics, 
Graduate School of Business, University of Chicago. 

Richard N. Bean: assistant professor of economics, 
University of Houston. 

Charles A. Bennett: instructor of economics, Gannon 
College. 

Trent Bertrand, Cornell University: assistant pro- 
fessor, Johns Hopkins University. 

Michael H. Best, University of Oregon: assistant 
professor, University of Massachusetts. 

Robert C. Blattberg: assistant professor of business, 
economics and marketing, Graduate School of Business, 
University of Chicago. 

William J. Breen: associate professor of economics, 
Purdue University. 

Ronald B. Brooks: assistant professor of mathe- 
matical economics, Graduate School of Business, Uni- 
versity of Chicago. 

Douglas M. Brown: assistant professor of economics, 
Northeastern University. 

F. Lee Brown: assistant professor of economics, Uni- 
versity of New Mexico. 

Kenneth M. Brown: assistant professor of economics, 
University of Notre Dame. 

John A. Carlson: professor of economics, Purdue 
University. 

Steven N. S. Cheung, University of Chicago: associ- 
ate professor of economics, University of Washington, 
Seattle. 

Peter Clark: instructor, Boston College. 

Bruce C. Cohen: associate professor of economics, 
Northeastern University. 

Jerome Phillip Cooper: assistant professor of business, 
economics and finance, Graduate School of Business, 
University of Chicago. 

Thomas Cowing: lecturer in economics, State Uni- 
versity of New York—Binghamton. 

George D. Craig, Louisiana State University: Uni- 
versity of Ilinois. 

William S. Dawes: assistant professor of economics, 
State University of New York, Stony Brook. 

B. Curtis Eaton: assistant professor of economics, 
University of British Columbia. 

Robert F. Engle: assistant professor of economics, 
Massachusetts Institute of Technology. 

Robert G. Evans: assistant professor of economics, 
University of British Columbia. 

George C. Eads, Harvard University: assistant pro- 
fessor, Princeton University. 

Isaac Ehrlich: assistant professor in business eco- 
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nomics, Graduate School of Business, University of 
Chicago. 

Hillel J. Einhorn: assistant professor in behavioral 
sciences, Graduate School of Business, University of 
Chicago. 

Wilfred J. Ethier, University of Rochester: assistant 
professor of economics, University of Pennsylvania. 

Robert W. Fenton: research fellow, department of 
economics and commerce, Simon Fraser University. 

Robert J. Flanagan: assistant professor of labor 
economics, Graduate School of Business, University of 
Chicago. 

Denise Rosemary Ford: assistant professor af eco- 
nomics, University of British Columbia. 

Derek James Ford: assistant professor of economics, 
University of British Columbia. 

Graeme H. Forrester: lecturer, department of eco- 
nomics and commerce, Simon Fraser University. 

Donald R. Fraser, Federal Reserve Bank of Dallas: 
assistant professor of economics and finance, University 
of Texas, El Paso. 

Raymond O. Gaarder: livestock marketing specialist, 
economics department, South Dakota State University. 

Carl M. Gambs, Yale University: instructor in eco- 
nomics, Michigan State University. 

Neil Garston, Brown University: instructor of eco- 
nomics, Trinity College. 

Gilbert R. Ghez, National Bureau of Economic Re- 
search: University of Chicago. 

Nicholas J. Gonedes: assistant professor of account- 
ing, Graduate School of Business, University of Chicago. 

Kenneth Gordon, Northwestern University: assistant 
professor, University of Massachusetts. 

Nancy Gordon, Stanford University: assistant pro~- 
fessor of economics, Graduate School of Industrial 
Administration, Carnegie-Mellon University. 

Paul R. Gregory, Harvard University: assistant pro- 
fessor of economics, University of Oklahoma. 

Ronald E, Grieson: assistant professor of economics, 
Massachusetts Institute of Technology. 

Michael Grossman: research associate, Graduate 
School of Business, University of Chicago. 

Theodore Groves, Jr., University of California, 
Berkeley: assistant professor, University of Wisconsin, 
Madison. 

Samuel Gubins: assistant professor of economics, 
Haverford College. 

Alan F. Gummerson: assistant professor of econom- 
ics, Clark University. 

Michael G. Hadjimichalakis, University of Rochester: 
assistant professor of economics, University of Washr 
ington, Seattle. 

Walter W. Haessel: research associate, Iowa State 
University. 

Thomas W. Hall: assistant professor of economics, 
Bowling Green State University. 

Daniel S. Hamermesh, Yale University: assistant 
professor, Princeton University. 

David A. Hansen: acting assistant professor of eco- 
nomics, Linfield College. 

Niles Hansen: professor of economics, and director 
of Center for Economic Development, The University 
of Texas, Austin. 

Charles K. Harley: assistant professor of economics, 
University of British Columbia. 


Gerald A. Harrison: research associate, department 
of economics, Iowa State University. 

Kichiro Hayashi: instructor in economics, DePauw 
University. 

Walter P. Heller, Stanford University: assistant 
professor of economics, University of Pennsylvania. 

George Henry: associate professor of economics, Col- 
gate University. 

Donald R. Herzog: professor of production manage- 
ment and marketing, coordinator of graduate programs 
in business, Chico State College. 

Jobn P. Herzog, Claremont Graduate School: pro- 
fessor, department of economics and commerce, Simon 
Fraser University. 

Thomas J. Hogarty: assistant professor of economics, 
Northern Illinois University. 

Ralph W. Huenemann: assistant professor, depart- 
ment of economics, University of British Columbia. 

A. M. Huq: professor of economics, University of 
Maine. 

John P. Huttman, Sonoma State College: assistant 
professor, department of economics and commerce, 
Simon Fraser University. 

Eugene L. Jaffe: economist, U. S. Marine Corps. 

David E. Kidder: assistant professor of economics, 
Northeastern University. 

Alan Kirman, Princeton University: assistant pro- 
fessor, Johns Hopkins University. 

Roland H. Koller, II: assistant professor of econom- 
ics, Brigham Young University. 

Stanley E. Kowalski: assistant professor of econom- 
ics, Old Dominion College. 

Walter Krause, professor of economics, The Univer- 
sity of Iowa: appointed John F. Murray professor of 
economics. 

Mark L. Ladenson, Northwestern University: in- 
structor in economics, Michigan State University. 

James W. Land, St. Thomas University: associate 
professor of economics, Rice University. 

W. Cris Lewis, Iowa State College: assistant pro- 
fessor of economics, University of Oklahoma. 

Chong K. Liew, University of California, Berkeley: 
assistant professor of economics and economist for 
Bureau for Business and Economic Research, Uni- 
versity of Oklahoma. 

James D. Likens, University of Minnesota: assistant 
professor of economics, Pomona College. 

Louis Maccini, Northwestern University: assistant 
professor, Johns Hopkins University. 

Richard B. Mancke: assistant professor of business 
economics, Graduate School of Business, University of 
Chicago. 

Julius Margolis, Stanford University: professor of 
Public Policy Analysis and Director of Fels Institute, 
University of Pennsylvania. 

Ray Marshall: professor of economics, The University 
of Texas, Austin. 

Alvin L. Marty: professor, The City College of the 
City University of New York. 

Robert T. Masson: visiting assistant professor, 
Northwestern University. 

Douglas Maxwell: lecturer in economics, State Uni- 
versity of New York-Binghamton. 

Thomas H. Mayor: associate professor of economics, 
University of Houston. 
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Michael B. McElroy: research staf, National 
Bureau of Economic Research. 

David D, McFarland: assistant professor, Graduate 
School of Business, University of Chicago. 

Neville M. Merrett, University of California, Berke- 
ley: assistant professor of economics, California State 
College, Long Beach. 

Laurence H. Meyer: assistant professor of economics, 
Washington University. 

L. Charles Miller, Jr., Fisk University and Vanderbilt 
University: associate professor of economics, Haverford 
College. 

Leonard S. Miller: assistant professor of economics, 
State University of New York, Stony Brook. 

Harold T. Moody: associate professor of business 
administration and economics, Clark University. 

Donald A. Neilson: assistant professor of economics, 
Northern Ilinois University. 

Soren T. Nielsen: research fellow, department of 
economics and commerce, Simon Fraser University. 

Marc Nerlove, Yale University: professor of econom- 
ics, University of Chicago. 

Daniel Newlon: lecturer in economics, State Uni- 


' versity of New York, Binghamton. 


David A. Olson, Smith College: investment analyst, 
Union Tank Car Corporation, Chicago. 

Frederick Dale Orr: assistant professor of economics, 
University of British Columbia. 

James R. Ostas: assistant professor of economics, 
Bowling Green State University. 

Attiat F. Ott, University of Maryland: associate 
professor of economics, Clark University. 

David C, Ott, Council of Economic Advisers: pro- 
fessor of economics, Clark University. 

, John Owen, Johns Hopkins University: labor eco- 
nomics, New School for Social Research. 
l Dean O. Popp, Purdue University: assistant pro- 

fessor, San Diego State College. 

Richard D. Portes, Oxford University: assistant pro- 
fegsor, Princeton University. 

B. Michael Pritchett: assistant professor of econom- 
ics} Brigham Young University. 

Usman A. Qureshi: assistant professor of economics, 
Old Dominion College. 

Carl M. Rahm, Columbia University: assistant pro- 
fessor, University of Washington, Seattle. 

Helene M. A. Ramanauskas, De Paul University: 
ptoféssor of accounting, Butler University. 

John Rapoport: assistant professor of economics, 
Mount Holyoke College. 

George R. Rice, University of Kentucky: assistant 
professor, Louisiana State University. 

Bruce N. Robinson: assistant professor of economics, 
Havertord College. 

Terry L. Roe, Purdue University: assistant professor 
of agricultural economics, University of Minnesota. 

Stephen A. Ross, Harvard University: assistant pro- 
fessor of economics, University of Pennsylvania. 

Walt:W. Rostow: professor of economics and history, 
The University of Texas, Austin. 

Michael Rothschild, Boston College: assistant pro- 
fessor, Harvard University. 

Mahmoud Sakbani: assistant professor of econom- 
ics, State University of New York, Stony Brook. 
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James D. Salpietro: assistant professor of economics, 
State University of New York, Stony Brook. 

Warren Sanderson: research staff, National Bureau 
of Economic Research. 

Thomas J, Sargent, Office of Assistant Secretary of 
Defense: associate professor of economics, University 
of Pennsylvania. 

Donald T. Savage: associate professor of economics, 
University of Maine. 

Gregory K. Schoepfle: assistant professor of eco- 
nomics, State University of New York, Stony Brook. 

Nicholas W. Schrock: assistant professor of econom- 
ics, University of Colorado. 

Loren C. Scott, Oklahoma State University: assistant 
professor, Louisiana State University. 

Gerald W. Scully, Ohio University: assistant pro- 
fessor, Southern Dlinois University. 

Frederick D. Sebold, Boston College: assistant pro- 
fessor, San Diego State College. 

Hassam Selim, Colorado University: assistant pro- 
fessor of economics, University of Nebraska, Omaha. 

Lawrence Senesh: professor of economics, University 
of Colorado. 

Wayne J. Shafer: assistant professor of economics, 
Wayne State University. 

Donald R. Sherk, Boston College: associate pro- 
fessor, Simmons College. 

John Shilling: instructor, Boston College. 

Carl S. Shoup: special consultant, National Bureau 
of Economic Research. 

Donald S. Shoup: director of Research Services and 
Planning, National Bureau of Economic Research. 

Ronald A. Smith, Pepperdine College: instructor, 
department of economics and commerce, Simon Fraser 
University. 

Vinson Snowberger: assistant professor of economics, 
University of Colorado. 

Arthur I. Stoecker: research associate, Iowa State 
University. 

Justin D. Stolen, University of Illinois; assistant pro- 
fessor of economics, University of Nebraska, Omaha. 

James A. Storer, Bowdoin College: director, division 
of economics, department of fisheries, Food and Agri- 
cultural Organization, Rome. 

Daniel B. Suits: visiting professor of economics, 
Merrill College, University of California, Santa Cruz. 

Paul Sultan, Claremont Graduate School: visiting 
professor, department of economics and commerce, 
Simon Fraser University. 

Michael Tennenbaum, University of California, Los 
Angeles: department of economics, California State 
College, Long Beach. 

Richard Tresch: instructor, Boston College. 

Keith K. Turner, University of Denver: associate 
professor of economics, University of Nebraska, Omaha, 

Gordon R. Tush, University of Missouri: instructor 
of economics, University of Nebraska, Omaha. 

Michael L. Wachter, Harvard University: assistant 
professor of economics, University of Pennsylvania. 

Charles Waldauer: assistant professor of economics, 
PMC Colleges. 

Robert Wallace: instructor, Boston College. 

David C. Warner: assistant professor of economics, 
Wayne State University. 
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William Weeks: assistant profeasor of economics, 
Wayne State University. 

Maurice D. Weinrobe, Cornell University: instructor 
. in economics, Michigan State University. 

Richard Weisskoff, Boston College: instructor, Yale 
University. 


Donald A. Wells, Southern Illinois University: asso- . 


ciate professor of economics, University of Arizona. 
Robert Whitaker, University of Wisconsin: assistant 
professor, Lafayette College. 
C. Glyn Williams, Boston College: associate pro- 
fessor, University of South Carolina. 
- Donald E. Wise: assistant professor of economics, 
Clark University. 


Donald A. Wittman: acting assistant professor of l 


economics, College Five, University of California, 
Santa Cruz. 

Alan Donald Woodland: assistant professor, of 
economics, University of British Columbia. 

Arthur W. Wright, Oberlin College: assistant pro- 
fessor, University of Massachusetts. 


Montague Yudelman: vice-president, OECD De- 


velopment Centre, Paris. 

Frank Zahn: assistant professor of economica, Uni- 
versity of Houston. 

Dennis Zimmerman: assistant professor of economics, 
Wayne State University. 


Leaves for Special Appointments 


Wiliam R. Allen, University of California, Los 
Angeles: visiting professor of economics, Southern 
Illinois University. 

Alan A. Brown, University of Southern California: 
visiting professor of economics, International Develop- 
ment Research Center, Indiana University. ` 

Arthur F. Burns, senior research staff and honorary 
chairman of the board of directors, National Bureau of 
Economic Research: Counselor to the President. 

Perry P. Chang, University of Nebraska, Omaha: 
Asian Development Bank, Manila. 

Dean T. Chen, Corporate Planning Services, Deere & 
` Company: visiting associate agricultural economist in 
Agricultural Experiment Station and Giannini Founda- 
tion, University of California, Berkeley. 

-> Francix X. Colaco, Brown University: Economic 
` “Policy Fellow, The Brookings Institution. 

Herman E. Daly, Louisiana State University: visit- 
‘ing research scholar, Yale University Growth Center. 

Gerald F. Fox, Smith College: visiting assistant pro- 
fessor of demography, University of California, Berke- 
ley. 

A. Myrick Freeman IM, Bowdoin College: visiting 
scholar, Resources for the Future, Inc. 

J. Richard Huber, University of Washington, Seattle: 
University of the Philippines, Manila. 

David Major, The City College of the City University 
of New York: U. S. Army Corps of Engineers Water 
Conservation. 

Geoffrey H. Moore, senior vice president research, 
National Bureau of Economic Research: U. S. Com- 
missioner of Labor Statistics. 

G. Warren Nutter, University of Virginia: Assistant 


Secretary of Defense for International Security Affairs. 

James Quirk, University of Kansas: visiting pro- 
fessor, University of Washington, Seattle. ; 

Potluri M. Rao, University of Chicago: visiting as- 
sistant professor of economics, ‘University of Washing- 
ton, Seattle. 

Gaston V. Rimlinger, Rice University: economic 
adviser, Ford Foundation, Nigeria. 

Sam Rosen, University of New Hampshire: visiting 
professor of economics, Institute of Social Studies, The 
Hague. 

Paul N. Rosenstein-Rodan, Massachusetts Institute 
of Technology: visiting professor, The University of 
Texas, Austin. 

Kenneth J. Rothwell, University of New Hampshire: 
U.N. Development Program, Indonesia. 

Hari E. Ryder, Jr., Brown University: Ford Faculty 
Research Fellow. 

Ronald Soligo, Rice University: Ford Faculty Fellow- 
ship. 

Franklin D. Van Buer, Northern Illinois University: 
Ministry of Economic Affairs, Ghana. 

L. S. Venkataramanan, University of Minnesota: 
head, Division of Agricultural Economics, Indian 
Agricultural Research Institute, Pusa, India. 

Paul A. Weinstein, University of Maryland: Gover- 
nor’s Executive on Manpower & Labor, Annapolis, 
Maryland. 

Robert E. Willard, University of Texas, El Paso: 
economist, Federal Reserve Bank of Atlanta. ` 


Resignations 


Marcelle Arak, Bernard M. Baruch College of the 
City University of New York. 

Robert W. Doede, University of Pennsylvania, June 
1969. 

William Hamburger, New School for Social Research. 

C. Duncan MacRae, Massachusetts Institute of 
Technology. 

Helen Malenbaum, University of Pennsylvania, 
June 1969. 

George N. Monsma, Jr., 
1969: Calvin College. 

Phillip Nelson, New School for Social Research. 

John C. Norby, chairman of the department of 


Amherst College, June 


_ economics, California State College, Los Angeles. 


Richard J. Olsen, University of Massachusetts, 
January 1969. - : 

Jack Rich, Bernard M. Baruch College of the City 
University of New York. 

Peter Schulkin, Boston College, June 1969: econo- 
mist, Federa] Reserve Bank of Boston. 

Bernard Seligman, Bernard M. Baruch College of the 
City University of New York. 

Franklin B. Sherwood, University of Massachusetts, 
January 1969. 

William J. Stober, Louisiana State University: 
September 1969, University of Kentucky. 

Sang C. Suh, Clark University: International Bank 
for Reconstruction and Development. 

Allen V. Wiley, Bowling Green State University. 
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Foreword 


The two surveys of national economic 
policy issues and policy research published 
in this Supplement to The American 
Economic Review are the second in a series 
of studies of economics in foreign countries, 
commissioned by the Publications Com- 
mittee of the American Economic Associ- 
ation and under the editorship of Harry G. 
Johnson. The previous series, edited by 
George W. Hildebrand, sought to acquaint 
Anglophone economists with the signifi- 
cant developments in economics since the 
Second World War in the national liter- 
atures of the major non—English—-speaking 


countries. This series, by contrast, is 
directed at economic policy issues, and the 
controversies and research to which they 
have given rise, in countries selected for 
one or more of three reasons: the intrinsic 
interest of the policy issues, the relevance 
of the policy issues to current policy issues 
in the United States, and the interest of 
the countries themselves as areas of in- 
volvement of American foreign economic 
policy with which U. S. economists are 
likely to become concerned. 


Harry G. JOHNSON 
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Contributions to Indian Economic 
Analysis: A Survey 


By JacpisH N. BEAGWATI AND SUKHAMOY CHAKRAVARTY* 


Any survey of contributions to economic 
analysis in India, even though confined to 
the post-war years and to issues arising 
from domestic economic events and policy, 
runs into exceptional difficulties. Not only 
has practically every conceivable problem 
been raised and discussed by economists, 
in a country where interest in economic 
issues dates back at least to the latter half 
of the 19th century; but there have also 
been numerous committees and commis- 
sions whose 'teport have led.to a volumi- 
nous literature. 

Ruthless selectivity has thus been in- 
evitable. We have generally focussed, in 
this survey, on contributions which meet 
the following criteria: (1) they should have 
analytical interest, either theoretical or 
empirical; (2) they should be made by 
Indian or India~based economists; and 
(3) they should have some bearing on 


* The authors are respectively Professor of Eco- 
nomics, M.I.T. and Professor of Mathematical Eco- 
nomics, Delhi University 

This Survey was commissioned by the American Eco- 
nomic Association, We have profited from discussions 
with, or comments on early drafts from, numerous col- 
leagues and friends, including V. K. Ramaswami, Alan 
Manne, K. N. Raj, Dharm Narain, A. N. Khuaro, C. H. 
Hanumantha Rao, V. M. Dandekar, Padma Desai, P. 
N. Dhar, Ashok Desai, B. S. Minhas, V. R. Panch- 
mukhi, T. E. Weisskopf, Richard Eckaus, Paul Rosen- 
stein-Rodan, Harry G. Johnson, T. W. Schultz and T. 
N. Srinivasan, We wish to thank K. Sundaram for 
assistance in compiling the bibliography and for making 
valuable suggestions. While the bulk of the detatled 
work in Part I was undertaken by Chakravarty and in 
Parts If and II by Bhagwati, the Survey has been 
planned and also written jointly by both authors. We 
may also add that the Survey was finished essentially by 
May 1968 and, in consequence, we have not been able 
to cover some additional material of interest which has 
become available since. 


Indian economic policy issues, even though 
they cannot necessarily be demonstrated 
to have arisen in consequence thereof or to 
have had any impact on policymaking. 

The Survey thus rules out of consider- 
ation the vast bulk of official literature, 
whose analytical base is frequently largely 
minimal, as also the purely descriptive and 
institutional material from non-official 
sources (such as the Indian Statistical 
Institute) whose utility otherwise is not to 
be minimized. Equally, the Survey does 
not extend to the growing numbers of con- 
tributions to general theoretical economic 
analysis that Indian economists have be- 
gun to make, as is evident from the con- 
tents of reputed journals in the last 
decade.? 

This Survey, therefore, is neither a com- 
prehensive account of the state of econ- 








1 For example, the prominent participants in the In- 
dependence movement paid considerable attention to 
economic issues; and India produced her own brand of 
List-type arguments in favor of departure from free 
trade in India’s national interest [118] [128] [141]. The 
Indian Economic Association was founded in 1918 and 
the Indian Society of Agricultural Economics in 1939, 
Among the important centers of economic research to- 
day are the three Centres of Advanced Study in Eco- 
nomics, recognized and financially supported as such by 
the University Grants Commission: Bombay Univer- 
sity, Gokhale Institute of Politics and Economics 
(Poona), and Delhi School of Economics; and at least 
two other institutions: the Institute of Economic 
Growth (Delhi) and the Indian Statistical Institute 
(New Delhi). 

3 These contributions primarily range over the theory 
of growth and planning (e.g. S. Chakravarty, G. 
Mathur, A K. Sen and T. N. Srinivasan), international 
trade theory (e.g. P. K. Bardhan, J. Bhagwati, B. S. 
Minhas, V. K. Ramaswami and T. N. Srinivasan), and 
econometric theory (e.g. A. L. Nagar). The trend is 
firmly established and strongly upward. 
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omic research in the country? nor does it 
pretend to give an exhaustive picture of 
the policy issues that have been discussed 
on the Indian scene since 1947 when India 
gained independence. 

The Survey is broadly divided into 
three areas: (1) planning theory and tech- 
niques; (2) agriculture; and (3) foreign 
trade. The vast majority of India’s policy 
issues, and analytical literature, fall within 
one or more of these categories. With her 
programs for economic development, 
initiated through the First Five-Year Plan 
(1951/1956) and continued through two 
successive Five-Year Plans, the question 
of overall Plan formulation, and invest- 
ment criteria in particular, has engaged 
the attention of many economists. Largely 
because agriculture is the overwhelmingly 
important economic activity in the econ- 
omy, and its capacity to act as a significant 
brake on growth via its role as the supplier 
of wage goods to other sectors has been in- 
creasingly appreciated, this sector has also 
attracted considerable economic analysis. 
And finally, the foreign trade sector has 
been the focus of interesting debate. The 
questions raised by foreign aid, foreign in- 
vestment, the import control regime and 
export subsidization have led to insights of 
wider interest. 

Since the overall Plan formulation 
literature inevitably embraces some of the 
questions raised by agricultural and for- 
eign trade policies, our discussion begins 
with the survey of the planning literature 
and only then proceeds to an evaluation of 
the literature that concerns itself with the 
remaining issues in the areas of agricultural 
and trade policies. 


I. Planning Theory and Techniques 


The formulation of the successive Five- 
Year Plans in India has led to a steady 
evolution of economic thinking on ques- 


3? Among useful attempts in this direction, with re- 
spect to agriculture, see Gupta [61] and Dandekar [28]. 


tions relating to planning theory and 
techniques. As we shall soon argue, how- 
ever, the interplay between Plans and 
economic thinking has often been tenuous. 
At times there may even have been post- 
facto rationalization of investment de- 
cisions taken on political grounds by in- 
genious designing of suitable models. At 
other times, model-building and analysis 
have inevitably gone ahead of the Plans. 
However, it is possible to identify with 
each Plan certain basic model-types which 
have provided the intellectual backbone 
to that Plan and were the object of exten- 
sive economic debate. 

Thus the First Five-Year Plan, which 
was essentially a collection of several proj- 
ects, contained at the same time a 
HWarrod-Domar type exercise which sought 
to examine the growth rates that would be 
achieved by specification of the (feasible) 
marginal savings rate and the resulting 
average savings ratio. The Second Five- 
Year Plan, on the other hand, marked a 
distinct departure in favor of the Feld- 
man—Mahalanobis type of structural 
model which emphasises the physical as- 
pect of investment and thus leads, subject 
to certain restrictive assumptions about 
transformation possibilities domestically 
and through foreign trade, to the proposi- 
tion that raising the rate of investment re- 
quires increased domestic manufacture of 
capital goods. This shift from a Keynesian, 
“flow? analysis which emphasised the 
necessity to raise savings (and hence im- 
plicitly assumed that the savings could be 
transformed into required investment) to 
a “structuralist” view which emphasised 
the transformation constraint and the 
supply of capital goods to sustain growing 
investment (while implicitly assuming that 
the system would generate the savings to 
“finance” the growing supply of invest- 
ment goods) was the most dramatic epi- 
sode in the evolution of planning literature 
and debate in India. The formulation of 
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the Third Five-Year Plan, by contrast, 
marked a shift away from these simple 
decision-models: the achievement of inter- 
industrial consistency was attempted in 
some detail this time. As we shall soon see, 
the shift to interindustrial exercises not 
only underlay plan formulation but was al- 
so the characteristic of planning exercises 
undertaken by economists and teams 
associated with the Indian Planning Com- 
mission. These multi-sectoral models were 
also characterised by their explicit exten- 
sion to questions of intertemporal choice: 
questions which had been raised as early as 
1955 by Ragnar Frisch when he visited the 
Indian Statistical Institute which was the 
intellectual center for formulation of the 
Second Plan (1956/1961). 

Having identified synoptically the main 
outlines of shift in planning techniques in 
India through the three Plans, we now pro- 
ceed to survey the major ideas and con- 
tributions in this area, considering each of 
the three planning periods in turn. 


The First Five-Year Plan 


The first identifiable planning model 
used in India was developed by the authors 
of the First Five-Year Plan document 
which the Government of India placed be- 
fore the country in ‘1951.4 The model was 
not given an explicit analytical form, but 
was implicit in the numerical figures which 
constituted the perspective plan for de- 
veloping the Indian economy [179,Chapter 
J]. It was essentially a simple variant of 
the growth model associated with the 
names of Harrod and Domar. The sole 
modification, but a crucial one, was the 
distinction between the average and the 
marginal propensities to save. The capital- 
output ratio was assumed to be the same 


4 There kad been earlier attempts at putting together 
“plans” for India: e.g., the Bombay Plan [169] in 1944. 
However, no conceptual framework, in terms of an 
explicit or implicit planning model, underlay any of 
these exercises. 


on the margin as on the average. No gesta- 
tion lags were introduced. The model was 
developed for a closed economy (although 
it can naturally be easily extended to deal 
with an open economy, with one part of 
investment being financed by import sur- 
plus). The basic equations underlying the 
growth process were the following: 


(1) L =S; 
(2) Sı =4Y; — b; 
(3) Y,=aky 
(4) n=K, 


Here J, stands for investment at ‘i’, S, for 
the corresponding amount of savings, Y, 
stands for income. All the equations ex- 
cepting (2) are the same as in the Harrod- 
Domar model. Equation (2) introduces the 
distinction between marginal and average 
propensities to save. The model leads tothe 
basic differential equation K,=aaK,—b 
which can be easily solved to give us the 
time profile of capital stock and output. 
We get: 


(5) Ke = (Ko — b/aa)e™ + b/aa. 


Notice that unlike the usual Harrod- 
Domar model, the rate of growth here 
rises from period to period (provided of 
course 4> S/Y). Thus an economy which 
decides to save more on the margin than 
on the average can hope to do better and 
better over time in terms of its rate of 
growth. The asymptotic relative rate of 
growth of the system is given by the ex- 
pression aa.® 

Such Harrod-Domar type models have 
been explicitly used, with considerable ad- 
vantage, as the framework for plan formu- 
lation in other countries (e.g. by Jan 
Tinbergen for the first Turkish Plan). 
They are useful in indicating the basic 


5 For any specific f, rr<aa where r; is the relative 
rate of growth of income at time #. 
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macro-economic features that any more 
elaborate construct would equally have to 
satisfy. Further, they have served as 
“simple” mechanisms for computing the 
external assistance that may be necessary 
for supplementing domestic savings to 
sustain projected growth rates in income.® 

However, such a Harrod-Domar model 
obscures problems of importance. For ex- 
ample, concentration on the flow equilib- 
rium, and the implicit assumption that 
there are no “structural” difficulties in 
transforming savings into (desired forms 
of) investment may ignore real constraints 
in the economy. Further, even within the 
framework of its assumptions, the model 
ignores the fundamental choice problem of 
planning over time, which requires a 
weighing of present versus future gains, by 
assuming a constant marginal propensity 
to’save for the economy. 

The connection between the actual First 
Five-Year Plan and the Harrod-Domar 
type model contained in the document was 
left vague by the planners. It appears as 
though the selection of projects for govern- 
mental expenditure reflected essentially 
the “overhead-capital” approach to de- 
velopmental planning and the model was 
largely an intellectual appendage with 
little impact on actual Plan formulation, 


£t Suppose the planners are ambitious enough to set a 
target rate of growth in income which implies an in- 
vestment rate in excess of the current savings rate. In 
an open economy, this would not raise any problem so 
long as the required amount of foreign aid (/*,) is avail- 
able to meet the domestic resource gap. However, if the 
growth process is of the type described in the text 
(where the economy saves more on the margin than on 
the average) then the required amount of foreign aid 
would diminish from year to year, provided the growth 
rate is kept constant. The time Æ for which F; vanishes 
may be defined as the time of attainment of self-sus- 
tained growth. This value for # may be compared with 
the value #* for which the economy would reach the 
desired growth rate left to itself. The difference between 
f** and may be used to give one measure of the bene- 
ficial influence of foreign aid on economic growth. Thus, 
the simple growth process described in the text can 
help one to obtain answers to questions relating to the 
volume of external assistance that is necessary. 


although it did serve to give some kind of 
longrun perspective to the Plan. 


The Second Five-Year Plan 


By contrast, the Second Plan pattern of 
industrial investment, with its marked 
shift in favour of capital goods industries, 
was deeply influenced by the two-sector 
growth model developed by P. C. Mahala- 
nobis [95].? This model was independently 
developed by Feldman in the Soviet Union 
in the 1920s and later revived by Domar 
[47] in a considerably improved form. The 
basic model, as stated by Mahalanobis, 
can be described briefly. 

Current investment flow I, is divided 
into two parts, A.J, and A.J,, where ^; in- 
dicates the proportion going to the capital 
goods sector and X, the corresponding pro- 
portion for the consumption sector. 

It is clear that 


(7) ae = Abi- 
and 
(8) Ci — Cra = Apol imi. 
Now the first equation implies that 
(9) Ty = Iall + Mba). 


Further, C:— C, can be written as 


(10) > (C: = C,-1) re >> ABol 1 


tm} reel 


(11) = Ablo tABL1 +--+ + NB 
= Abelo FALI + Mbe). 





(12) 
+ ABeLo(1 + Ap 
eA 
(13) = E> ni0 tan)! — 1] 
Bed 


Since Z;— Io= a| (1+8) !— 1}, we get by 
adding it to C,—C, in the preceding equa- 
tion: 


7 Numerous specific criticisms of the analysis of the 
Mahalanobis model were made at the time, among them 
being Chakravarty [20], Fsuru [172] and Mitra [117]. 
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Bods 


14) C,-—Cy) = Ios 1 HA t— Lf, 
(14) 7 of (1 H Abat 1} 





k 


the complete solution for output at time ż, 


where 
As + BAA 
Y,= Yoli ae ao( 


(15) BiAr 


ERVA 


where œo=1o/Yo, the initial investment- 
income ratio. 

Several things are quite clear from this 
equation. First we note that the relative 
rate of growth of consumption or output is 
changing over time. It is also clear that the 
asymptotic rate of growth of the system is 
given by Mp: where A, is the crucial allo- 
cation ratio which indicates the proportion 
of capital goods output which is devoted to 
the further production of capital goods. 
Thus a higher ^, would always have a 
favourable effect on the asymptotic growth 
rate of the system, irrespective of whether 
it is consumption or output. But what 
about its immediate effect on consump- 
tion? If 8,.>f:, then a higher value of ^ 
would imply a lower immediate increment 
in consumption. Thus, there is implicit in 
the choice of ‘A,’ a choice of alternative 
time streams of consumption.’ 

It may be further noted that, while the 
implicit assumption underlying the aggre- 
gative model discussed earlier was that the 
savings rate was a reflection of the be- 


8 Mahalanobis did not address himself to the question 
of how to resolve this choice problem. He, however, 
pointed out that a specification of the horizon over 
which the planning was done was essential if any mean- 
ingful answer is to be given to the choice of dx. This is 
undoubtedly correct but, as more recent analysis deal- 
ing with this question has shown, specification of a 
planning horizon is only one of the many prereauisites 
for choosing an optimal path of development over time. 
We have to make some assumption regarding the na- 
ture of the intertemporal utility function as well as the 
terminal conditions of the problem. We shall deal with 
these questions to a certain extent when we come to the 
discussion of the more recent planning models con- 
structed in the Indian context. 


havioral characteristics of the decision- 
making units such as the household, the 
corporate sector or the government, 
Mahalanobis effectively made it a rigid 
function of certain “structural” features 
such as the capacity of the domestic 
capital goods industry and capital-output 
ratios of the capital goods sector and the 
consumer goods sector. By making the 
allocation ratio of current investment go- 
ing into investment goods sector the 
policy variable, he showed that a higher 
allocation would mean a higher saving rate 
on the margin and hence a greater rate of 
growth of output or consumption.’ This 
can be seen readily by noting that \.6,/ 
(A8-+A.8:) is none other than the share of 
incremental investment in incremental 
output. Macroeconomic balancing for a 
closed economy would then imply that 
this is also the share of incremental sav- 
ings in incremental income. If 6,=8,, then 
this ratio of incremental savings to incre- 
mental income is exactly equal to ^+. If 
Br Be, then AI/AY is a more general func- 
tion of Az, Br, Be but the fundamental 
qualitative point remains unaltered. 
Despite the fact that the Mahalanobis 
model is a severely rigid construct, it has 
one important virtue. This lies in its rec- 
ognition of the fact that capital equip- 
ment once installed in any specific produc- 
ing sector of the economy may not be 
shiftable.° An important consequence is 
that changes in the savings rate, and 
hence in the rate of investment, are not 
necessarily feasible and become condi- 
tional upon the composition of the existing 
capital stock; hence, optimal programs of 

*In deriving this cental proposition, Mahalanobis 
implicitly ignored the role of foreign trade altogether 
and assumed that the government was in a position to 
control comsumption completely. 

10 Whether, however, the Mahalanobis—assumed non- 
shiftability from consumer goods to investment goods 
capital equipment is greater than that within the former 
group, and how important it is anyway, are matters on 
which evidence is scant and, as we shall soon argue, was 


in any case not sought by the Indian planners before 
adopting Mahalanobis’ ideas. 
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capital accumulation worked out under the 
assumption of nonshiftability differ cru- 
cially from those derived from models with 
complete shiftability in capital stock 
among alternative uses.” 

It needs to be stressed, of course, that 
foreign trade also can get the economy out 
of the problems raised by limited trans- 
formation possibilities domestically owing 
to nonshiftability of capital equipment: 
the assumption of a closed economy auto- 
matically rules out this important escape 
route from the problems raised by non- 
shiftability. Of course to escape these 
problems completely, we would have to 
assume the possibility of indefinite trans- 
formation at constant rates—the so- 
called “small country” assumption in trade 
theory. Therefore, the essential problems 
raised by nonshiftability will persist if the 
reciprocal foreign demands facing the 
planning country are less than perfectly 
elastic. 

Mahalanobis, who assumed a closed 
economy and total nonshiftability of the 
capital stock from the consumption goods 
to the investment goods sector, appears to 
have used his model merely to provide the 
rationale for a shift in industrial invest- 
ments towards building up a capital goods 
base. However, the precise choice of the 
proportion of investments in the capital 
goods sector, during the Second Plan and 
possibly, thereafter, appears to have been 
arbitrary—at any rate, if there were 
specific economic considerations under- 
lying it, these were not spelled out. In any 
case, an optimal choice thereof would have 
required, at the minimum, a quantification 
of the transformation constraints (both 
domestic and foreign)—and we know that 
neither was attempted. 

Indeed, it appears quite plausible to 
argue that Mahalanobis (who had just 
then visited the socialist countries and 


n Cf. Chakravarty (22] for a detailed treatment of 
the analytical issues raised by planning for optimality 
in the context of models with non-shiftable capital. 


with whose economists he had close con- 
tacts) was impressed with Soviet thinking 
on industrialization, with its emphasis on 
the building-up of the capital goods base, 
without full recognition of the fact that 
such a strategy presupposes constraints on 
domestic and foreign transformation which 
need to be empirically verified. Further, it 
seems likely that, being a physicist by 
training and a statistician by practice, he 
directly identified increased investment 
with increased availability of capital 
goods, which in turn he identified with 
domestic production thereof, ignoring for- 
eign trade in particular.” It is interesting 
that the Second Plan did not explicitly 
state the rationale of the shift to heavy in- 
dustries in terms of foreign trade con- 
straints, so that the later justification of 
this strategy by alluding to “stagnant 
world demand” for Indian exports comes 
somewhat close to a ex post facto rationali- 
zation. Indeed, the Second Plan’s ex- 
amination of export earnings through the 
Plan is so cursory that it is difficult to be- 
lieve that the “stagnant world demand for 
Indian exports” assumption, by virtue of 
which the shift to heavy industries was 
later sought to be justified, was seriously 
made: such a crucial assumption, if made, 
would surely have been examined more in- 
tensively! Further it is important to note 
that the preceding Five-Year Plan’s ex- 
perience with the balance of payments and 
exports was comfortable, so that it hardly 
seems likely that the export prospects 
could have been viewed with such pessi- 
mism as has later been imagined.¥ 
While, therefore, the Mahalanobis two- 
sector model was used to provide the 
rationale for a general shift in investments 
to building up a capital goods base, 


1 This probably accounts for his model [96] in the 
Draft Frame of the Second Plan taking no explicit ac- 
count of savings, whereas economists looking at growth 
inevitably started from the savings end. 

13 These arguments have been developed more fully 
in Bhagwati and Padma Desai [14]. 
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though the actual magnitude of this shift 
was otherwise determined, Mahalanobis 
provided yet another model, a four—sector 
model [96], which broke down total in- 
vestment among three further sectors, in 
addition to the capital goods sector: (1) 
factory production of consumer goods; (2) 
household production of consumer goods, 
including agriculture, and (3) the sector 
providing services such as health, educa- 
tion etc.4 

Mahalanobis assumed that all four sec- 
tors had independent output—capital and 
labor—-output ratios. These were sym- 
bolized by Bi Ba, Bs, Ba, b, ba, 63 and 8; re- 
spectively. He assumed a given total of in- 
vestment. The problem was to allocate 
the total between the sectors in such a way 
that specified increases in income (AF) 
and in employment (AN) were reached. 
The policy variables were the shares of in- 
vestment going to each sector, denoted by 
As Ao, Ms and M. 

The model was determined, of course, 
only if one of the three independent Ns 
(the policy instruments) was exogenously 
determined, since there were only two ob- 
jectives: AY and AN. With the à for the 
capital goods sector given a pre-assigned 
value (the reason for which was never 
spelled out clearly) the system was solved 
by Mahalanobis to assign investments 
among the three remaining sectors. How- 
ever, as Komiya [78] pointedly noted, the 
Mahalanobis solution was inefficient, in 
that it was situated in the interior of the 
feasibility locus between incremental out- 
put and incremental employment. Thus, 
greater employment and/or output could 
have been obtained by merely reallocating 
the given investments among the three 
sectors, although such a solution would not 
assign a positive fraction of investment to 
every sector. i 


4 The entire economy was supposed to be divided into 
these four sectors. 


The very fact that a simple linear pro- 
gramming exercise by an outsider could 
show the inefficiency of the Mahalanobis 
allocations, in conjunction with the fact 
that Mahalanobis did not use this tech- 
nique even though the planners at his 
Indian Statistical Institute were certainly ` 
not lacking in knowledge of these elemen- 
tary techniques,’ indicates that the four- 
sector model was essentially produced to 
impart (unsuccessfully, as it turned out) 
intellectual respectability to investment 
allocations arrived at on other, unspecified 
considerations. This conclusion seems also 
warranted by the fact that the statistical 
source of the parameters (relating to 
labor-output and capital—output ratios) 
was not spelled out. Nor was any attempt 
made to reconcile the model with the real 
facts of the situation, especially the pres- 
ence of foreign trade. 

The very limitations of the Mahalanobis 
two-sector and four~sector models pointed 
to the need for a more extensive, multi- 
sectoral and multi-period model for more 
efficient resolution of the choice problems 
facing the Indian economy. Such models 
were to be constructed during the Third 
Plan period and we shall go on to discuss 
them. However, it is pertinent to mention 
here an alternative approach to Indian 
planning, rival to that of Mahalanobis, 
which was put forward at the time of the 
Second Plan formulation by P. R. 
Brahmanand and C. N. Vakil [19]. 

Their approach constitutes in some 
ways the polar opposite of the position 
taken by Mahalanobis. While the latter’s 
whole emphasis was on the role of fixed 
capital, Vakil and Brahmanand’s entire 
emphasis was on the role of wage goods as 


8 The Indian Statistical Institute is internationally 
renowned for its contributions to mathematical sta- 
tistics and its distinguished Faculty which currently 
includes two Fellows of the Royal Society in this sub- 
ject. Besides, they had the benefit of visits, at the time, 
by Richard Goodwin, Jan Tinbergen, Ragnar Frisch 
and Oskar Lange. 
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capital. This approach was therefore re- 
lated to the Marxian concept of variable 
capital, since in common with Marx they 


assumed that the wages were paid as ad- 


vances in the beginning of the production 
period. However, the operational part of 
this approach was derived from the as- 
sumption that there existed massive over- 
population in agriculture. They did not 
subject the concept of disguised unem- 
ployment in agriculture to any critical 
investigation, nor did they try to measure 
the extent of such disguised unemploy- 
ment in the Indian context. They were 
following the tradition set by P. N. Rosen- 


stein-Rodan and R. Nurkse in taking it as- 


obvious that a massive reserve army of 
labor existed in rural areas.’® Further they 


assumed, as Nurkse did, that the dis- 


guised unemployed must possess consider- 
able savings potential since labor could be 
transferred from agriculture without low- 
ering production and kept at work pro- 
ducing real capital goods by the payment 
of wages consisting exclusively of food. 

Several assumptions were made by 
Vakil and Brahmanand to formalize their 
system. First, the wage good was assumed 
to be exclusively food. Second, it was 
assumed that labor could produce capital 
goods without the assistance of other fac- 
tors of production. Thirdly, they assumed 
that a mechanism existed by which aver- 


age consumption on the farm could be kept. 


constant subsequent to the transfer of 
labor, and the transferred labor’s consump- 
tion on the farm be siphoned off to feed it 
while it was engaged in producing capital 
goods. To be sure, they recognized the 


18 The early writings of Brahmanand [18] in fact an- 
ticipated the notion of disguised unemployment, al- 
though the concept was not fully developed. Brahma- 
nand’s interest in this question had arisen from a gen- 
era] examination he was undertaking of the applicability 
of the Keynesian theory to the economic situation in 
India. In this connection, V. K. R. V. Rao’s [143] analy- 
sis of the Keynesian multiplier in the Indian situation 
is also of interest. 


possibility of leakage in this connection. 
They assumed that the whole of the hy- 
pothetical surplus might not be procurable 
and further that there might be a need to 
provide for slightly higher consumption 
levels than in agriculture to workers en- 
gaged in construction. Thus they derived a 
“multiplier” formula in which the multi- 
plicand was an autonomous increase in the 
stock of wage goods in the hands of the 
planning agency.” 

However, they did not pay any atten- 
tion to the possibility that the production 
process may not be of the simple Austrian 
type that they had assumed: labor— 
capital goods—consumer goods. If the 
facts of life dictated a circular model of the 
sort analyzed by Marx (in the second 
volume of Das Kapital) and more recently 
by Leontief and others, the mere avail- 
ability of labor alone would not solve the 
problem of greater capital formation. Ex- 
tra capital equipment would be needed and 
would need to be either produced at home 
or imported, hence raising the complex of 
issues raised earlier in connection with the 
Mahalanobis model. As regards the com- 
position of wage goods, if nonfood items 
were necessary and if there were no 
corresponding excess capacity in the do- 


mestic consumer goods industries, then 


once again the creation of extra capacity 
and its synchronization with the deploy- 
ment of extra labor would be involved, 
thus necessitating a more elaborate ap- 
proach. 


17 The Vakil-Brahmanand approach could be readily 
used to provide a rationale for the policy of importing 
food as a means to step up capital formation and gener- 
ate extra employment. It is interesting that these 
authors did not make any effort to link up their analy- 
sis directly with the question of food aid. Although 
such an approach was implicit in the early work of 
Dandekar [27] and others, it was only much later that 
Chakravarty and Rosenstein-Rodan [26] tried to de- 
velop the logic of food aid somewhat more fully in an 
analysis which was considerably influenced by a model 
similar to that provided by an economy with massive 
rural overpopulation. 
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The social welfare function implicit in 
Vakil and Brahmanand’s approach to 
planning was novel at the time: they were 
emphasizing the need to minimize the time 
needed to reach full employment. Whether 
such an objective constitutes an adequate 
social welfare function is very doubtful; 
but that it is an objective which needs very 
careful consideration is beyond doubt. 
Mahalanobis’ model, at least in its formal 
aspects, had paid no attention to this. 

Despite its limitations, Vakil and Brah- 
manand’s attempts to build an analytical 
scheme which tried to tackle the problem 
posed by disguised unemployment in agri- 
culture deserve emphasis.!® In discussions 
subsequent to the formulation of the 
Second Plan, the wage goods approach has 
not figured prominently. Amongst eminent 
economists, Gadgil [55] has been the only 
one to draw pointed attention to the im- 
portance of mobilizing rural labor to build 
social overhead capital, which he did as 
late as 1961. In more attenuated forms, 
however, this aspect of the planning 
problem is still alive. 


The Third Five-Year Plan 


The Third Plan was not entirely pioneer- 
ing in its attempted utilization of multi- 
sector balances to achieve consistency. 
Quite aside from Ragnar Frisch’s sugges- 
tions in this respect [54], Jan Sandee [150] 
had actually constructed a simple linear 
programming model during his visit to the 
Indian Statistical Institute during 1957/ 
1958, which was used to maximize aggre- 


gate consumption in a terminal year - 


(1970) as an excess of consumption over a 
base year (1960), subject to maintaining 
intersectoral consistency conditions and 
feasibility conditions on the side of the 
balance of payments. 

While the Sandee model was essentially 


18 See Chakravarty [23] on this issue. 
On the question whether disguised unemployment 
exists, we survey the Indian literature in Section II. 


a straightforward, static linear program- 
ming exercise, it had one analytically im- 
portant feature which deserves special 
mention. This relates to his treatment of 
investment in the terminal year. If this 
year were taken really to be the terminal 
year of the Plan, then clearly there i is no 
justification for having any investment at 
all in that year (assuming, of course, that. 
all investments fructify beyond the one 
year horizon). Since no planner ever takes 
such a myopic point of view, it is necessary 
to elaborate a rationale for introducing in- 
vestment activity in single-period optimi- 
zation models. One can theoretically con- 
ceive of several procedures which can be 


.used for this purpose. Sandee’s procedure 


was to assume that, over the decade of 
1960-70, investment flows should increase 
linearly every year. We may spell this out. 

Let us denote the year 1960 by ‘0’ and 
the year 1970 by T. Then the cumulated 
investment over the period is given by 


f “Tat 


Sandee assumed I(t) = a+-b¢. Then we have 
T 
f (a + bi)dt = aT + $bT?. 
0 


The proportion of total investment that 
must take place in the T-th year out of the 
total over the entire T year period is given 
by a+d7/aT+ 4677. Now applying this 
factor to the investment demand for the 
product of the 7-th sector induced by out- 
put increase in 1970 over 1960, which 
equals 


È biyAX;, 
7 


we get the estimate for investment of the 
i-th type for the year for every 4. Hence 
the vector of goods to be delivered on the 
investment account in the terminal year is 
determined. Intersectoral deliveries on the 
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current account, together with the balance 
of payments considerations, must be in- 


cluded. Sandee, then, proceeded to maxi- - 


mize consumption in 1970 subject to obey- 
ing a lower limit on total investment 
summed over all the sectors and a few 
other inequality constraints.” 

The work underlying the Third Plan 
was nowhere as explicitly set out as in 
Sandee’s exercise, although balances of 
supply and demand at a detailed sectoral 
level were set out. Reddaway [145], who 
was associated with the Perspective Plan- 
ning Division of the Indian Planning Com- 
mission,” undertook a systematic supply- 
demand balance exercise, for many indus- 
tries, essentially putting together different 
target outputs, imports and demands to 
test for simple consistency for the year 
1965-66, the terminal year of the Third 
Plan. If this exercise were construed as 
constituting simple, ad hoc checks on tar- 
gets supplied to Reddaway by the Per- 
spective Planning Division (PPD) it was 
valuable. But construed as an attempt at 
devising a full-fledged Third Plan, with 
only partial targets of production supplied 
by the PPD, the exercise was less satis- 
factory even within the framework of test- 
ing for consistency (as distinct from opti- 
mality). This was pointed out by Padma 
Desai [42] who, on attempting to formalize 
the Reddaway exercise, found it under- 
determined despite efforts at discovering 
_ (from Reddaway’s work) ways in which 
the model might have been intended to be 

™Tt may be noted that, as Sandee assumed that the 
balance of payments in 1970 would be such as to require 
no import surplus, he could pay no attention to any 
parametric variation in foreign aid availability, a ques- 
tion which has been repeatedly posed by many model 
builders in India since then. 

2 Reddaway was on the M.I.T. Center for Inter- 
national Studies Program, under which several dis- 
tinguished economists were associated with the Plan- 
ning Commission’s work. P. N. Rosenstein—Rodan and 
Max Millikan headed this program, which brought to 
India numerous economists including I. M. D. Little, 


Trevor Swan, Arnold Harberger, Louis Lefeber, J. 
Mirrlees, Richard Eckaus, and Sir Donald MacDougall. 


closed.” The problem clearly arose from 
Reddaway’s omission to state his model, 
if any, in formal terms. It therefore throws 
into focus the need for stating carefully the 
model underlying the investment allo- 
cations and related decisions, quite aside 
from the theoretical elegance and scrutiny 
of otherwise vague assumptions that such 
a procedure would entail. 

In fact, during the Third Plan period it- 
self, many economists such as Alan 
Manne, Ashok Rudra, Sukhamoy 
Chakravarty, Richard Eckaus, Louis Lefe- 
ber and Kirit Parikh, turned to precisely 
this kind of work in connection primarily 
with the Fourth Plan: whereas Manne and 
Rudra were to build static, multi—sector 
consistency models, the Chakravarty- 
Eckaus~Lefeber—Parikh exercises were to 
be concerned with explicitly dynamic, 
multi-sector models.” 

Before we discuss either of these two 
developments, both of which marked im- 
provements over the earlier computational 
models of planning, we should note that 
the Third Plan not only marked a shift to 
examination of consistency at the inter- 
sectoral level but also incorporated some 
fresh, though embryonic, analytical think- 
ing. The notion that foreign trade might 
be the bottleneck to increasing the rate of 
investment had come more sharply into 
focus, instead of being the implicit prem- 
ise of a Mahalanobis type of investment 
strategy.% Thus, significantly more than 


™See the interchange between Padma Desai and 
Reddaway [146] on this issue. 

3 As it eventuelly turned out, the Fourth Plan was 
deferred by three years, largely thanks to the disloca- 
tion of aid flows following the Indo-Pakistani war of 
late 1965 and two unprecedented agricultural droughts 
in 1965-66 and 1966-67 which, in turn, led to a re- 
cession in industrial investments. The planning exer- 
cises, which had not anticipated these major distur- 
bances, turned out to be irrelevant to the immediate 
situation. Whether, however, the Fourth Plan should 
have been postponed in consequence is a matter on 
which there has been much debate. 

4 This view was, at least partly, a reflection of the 
stagnation in India’s export earnings during the decade 
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with the Second Plan, the investment de- 
cisions in the Third Plan were taken with 
an explicit attention to the role of foreign 
aid in breaking this bottleneck and the 
possible desirability of “using aid to end 
aid,” and reach self-sustained growth at 
some foreseeable future date. To put it 
differently, the Third Plan investments, 
which continued the shift to the heavy 
industrial sector, were taken against the 
notion that foreign aid would enable the 
economy, by permitting these invest- 
ments, to cross over the hump (posed by 
the foreign trade constraints) from a low 
growth rate equilibrium to a high growth 
rate equilibrium. This precise view was to 
be the basis of more formal exercises by 
Manne and Bergsman [100] in connection 
with the Fourth Plan work. 


Models for the Fourth Plan 


Among the detailed, static exercises 
attempted during the work on the Fourth 
Plan was that by Manne and Rudra [101], 
who were both working in collaboration 
with the PPD (which had put out its own 
“bluebook” of projections based on similar 
thinking). 

Although their exercise was of the stan- 
dard type, and related to the consistency of 
the terminal year of the Fourth Plan, 
there were certain interesting features. 
For example, they followed Sandee in 
attempting to give a rationale for invest- 
ment activity in the terminal year. How- 
ever, unlike Sandee, they assumed that in- 
vestment would rise exponentially over 
the intervening years and hence the pro- 
portion of investment to be completed in 
the terminal year was given by 





1951-1960, which made the hypothesis of a foreign ex- 
change bottleneck to Indian development seem much 
more plausible. Manmohan Singh [163] was later to 
show that this stagnation was largely a result of do- 
mestic policies, although demand factors would have 
constrained significant expansion of export earnings. 


er r 
Oe | 


r 
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This proportion “y” was called by them 
the stock-flow conversion factor. Having 
done this, they took the consumption vec- 
tor to be given and tried to find out the 
gross production vector that would be 
needed if all the end use activities were to 
be satisfied at given levels, subject to the 
assumption of a stipulated stock flow con- 
version factor. Their procedure may be 
summarized as follows. 

Let £ stand for the vector of production 
levels in 1970 and æ for the vector of pro- 
duction levels in 1960. Then we get 


£+ Mi = See 


+y © bult — 23) 


where M stands for imports, F for final de- 
mand and a; and by are the standard cur- 
rent input-output and capital coefficients 
respectively. If M were written as [m]# 
where [m] is a diagonal matrix of import 
coefficients, then we may write the solution 
of the above as:* 


(18) £= (I +m — 4 —‘yB)>[F — yB] 


where J is the unit matrix. 

Since Manne and Rudra were concerned 
with constructing a terminal year model 
for the Indian economy, they did not 
specify in a complete way the path the 
economy was to follow from a given initial 


(17) 


3 It is clear that the choice of ‘y’ cannot be com- 


pletely unrestricted. It must satisfy an upper bound - 


restriction if (-+m—A—-+B)— is to be non negative. 
From the theorems on non negative square matrices we 
know that this would be the case provided m were 
sufficiently small so that (A-+-y~yB—m) is non negative, 
and 1>ro where rẹ is the Frobenius root of the matrix 
(A+7B—H). A sufficient condition for this to hold is 
that max;2,(m.j-+ay-+rby) <1 for any suitable choice 
of units, Hence, given the coefficients of production, 
the capital coefficients and a given pattern of competi- 
tive import demand, y must have at least an upper 
bound, 


v 
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point to the terminal configuration. Thus 
this model may be said to give a perspec- 
tive rather than a plan. However, the 
construction of a terminal configuration is 
an essential ingredient in any finite horizon 
planning model so that the Manne—Rudra 
model did provide some guidelines for the 
planner, even though it did not specify a 
complete time phased course of action. 

Models which give some guidelines re- 
garding the phasing of investment can be 
usefully divided into two categories. One 
of these categories may be described as 
giving us intertemporally consistent plan- 
ning models. The other category, some- 
what more ambitious in scope, deals with 
optimization over time, and has been ex- 
perimented with by Chakravarty, Eckaus, 
Lefeber and Parikh. 

Chakravarty and Eckaus [24] first out- 
lined the logic of an intertemporally con- 
sistent multisectoral planning model and 
pointed out the basic difficulties. They did 


% The Mahalanobis model, through possibilities of 
variation in the choice of dy, was also in principle capa- 
ble of generating alternative time phased programs, 
The Mahalanobis model was further elaborated, by dis- 
aggregation with respect to intermediate goods (where 
the Mahalanobis model had been vertically integrated) 
and via the explicit assumption that capital goods pro- 
ducing the consumer (and intermediate) goods could 
not be shifted to producing capital goods (which in any 
case was implicit in the Mahalanobis model and indeed 
provided its basic economic rationale). This was done 
by Raj and Sen [140]. They produced a number of 
illustrative time paths whose value consisted in re- 
emphasizing that an intertemporal choice had to be 
made, although no attempt was made by them to indi- 
cate how this might be done. Besides their model, while 
set in the context of an open economy, ignored the 
possibilities of trade offs between domestic production 
and imports for supplying any given bundle of goods at 
a point of time, as pointed out by Bhagwati [6]. For 
other comments, see Prasad [129]. 

Mention should also be made of a more novel, ex- 
ploratory paper by P. N. Mathur [109] which gave a 
computational, time-phased solution to investment al- 
location decisions. Mathur, writing in 1962, explored the 
consequences of transforming an initial technological 
matrix for the Indian economy into technology of the 
U. S. type within a specified planning horizon. He used 
a linear programming formulation to discriminate be- 
tween alternative transformation paths. 


not, however, compute numerical growth 
paths, It is of some analytical interest to 
give a brief summary of their arguments. 

For the sake of simplicity, let us ignore 
temporarily all the non-homogeneous ele- 
ments of a Leontief dynamic system other 
than consumption. Then, we have a dy- 
namic system characterized by the follow- 
ing equation: 


(19) X = AX) + B*() + CH 


where X(t) stands for the vector of output 
levels, X(#) for its rate of change, C(é) for 
the vector of final consumption, and A and 
B are the standard Leontief matrices. The 
complete solution of the dynamic system 
assuming C(t) to be growing exponentially 
over time is given,” using the notation of a 
matrix exponential, by the following ex- 
pression: 


X(t) = [BI — A)* 
+ (I — A ~ rB)-Cer 


where P is a vector of arbitrary constants 
and C represents exogenous levels of con- 
sumption to be determined through policy 
considerations. The advantage of using 
this matrix exponential notation is that it 
shows the analogy with the ordinary scalar 
case involving one variable quite explic- 
itly. 
The above equation holds provided B 
has an inverse, a condition which is often 
not satisfied. The solution for more general 
time paths of C(#) may also be worked out, 
either in an analytical form or through 
numerical approximations. 

Now if X(0) and X(T) are both given, 
in the first case from history and in the 
second case from the planner’s specifica- 
tions, then we have 2 equations to deter- 
mine the unknown P and C’s. This is the 
logic of the consistency models. However, 
difficulty arises in so far as the matrix 


(20) 


27 See the article by S. Chakravarty and R. S. Eckaus 
[24]. 
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B-\(I—A) may not be well behaved: thus 
there is no guarantee that the dynamic 
system which is governed by the matrix 
will ensure nonnegativity of the relevant 
variables over time. Hence, one cannot be 
sure that consistency necessarily implies 
viability. On the other hand, one could also 
work recursively backwards from an as- 
sumed terminal condition by using the 
finite difference version of Leontief’s struc- 
tural equations. The advantage of this 
procedure is that it would not require the 
B-matrix to be invertible. However, in all 
probability, we would fail to tally exactly 
with the initial conditions. If the magni- 
tude of the difference between the his- 
torically given initial situation and the de- 
sired initial situation (thus worked out) 
was not large, then one could argue that 
the model provided some sort of a time- 
phased plan. But there is no a priori 
guarantee that the difference would not be 
significant; nor can we assume that the 
deviations would be found only in the sec- 
tors producing ‘tradeables,’ and hence be 
remediable by international trade. 

Unlike the procedure discussed by 
Chakravarty and Eckaus, Manne and 
Bergsman [100] used a different method 
which gave what they called an “almost 
consistent model.” In working out this al- 
most consistent model, they did not rely 
on the complete solution of the non- 
homogeneous dynamic Leontief system. 
They computed a set of terminal output 
levels of X(T) based on the need to reach 
specified levels of final consumption in the 
year T and to sustain growth in gross out- 
put at specified levels beyond the horizon 
T. This part of the exercise was therefore 
based on different assumptions from those 
underlying the determination of terminal 
investment levels used by the other 
models. Once X(T) was determined, Bergs- 
man and Manne obtained the timepath of 
X(t) starting from X(0), by log linear in- 
terpolation. Hence they had a unique 
planned output trajectory X(t). As for the 


demand side, the timepath of final demand 
for year 0 to T was assumed to be given 
exogenously. But induced investment in 
both fixed capital and inventories was de- 
termined by planned output increases. 
Now, if we denote the planned require- 
ments trajectories over time by D(#), 
clearly X(é)#D(#) for every ¢ (and for 
every industry). Such differences were to 
be met by so-called “shock absorbers.” 


` These shock absorbers were either imports 


of producer’s goods, or changes in pro- 
jected consumption of food and fabrics and 
the domestic output of service sectors. 
Since construction, which was treated as a 
domestic service, turned out to be too 
severe a bottleneck for the initial year, 
they called their model an almost—con- 
sistent model. 

The planning model first developed by 
Chakravarty, Eckaus, Lefeber and Parikh 
and later extended by Eckaus and Parikh 
[51], and hereafter described as the 
“CELP model,” was formally the most de- 
tailed of all the models so far developed in 
the context of Indian planning.” This is 
not to suggest that it was completely ade- 
quate for the purpose of generating de- 
velopment plans for the Indian economy. 
But within the limitation of a linear model, 
the structure had sufficient flexibility to 
handle a number of important planning 
questions. 

The model constructed by .the above 
authors is best described as a finite hori- 
zon, linear optimization model involving 
explicit intersectoral and intertemporal re- 
lationships, which satisfies boundary con- 
ditions relating to the initial year as well 
as to the terminal year of the plan. This 


description indicates that the CELP mod- - 


el formally subsumed the structural fea- 
tures of the preceding models. In addition 
it provided an intertemporally optimal 
path of development which brought the 
economy from the initial situation to the 


% This model has been described and discussed by 
Eckaus [49] and by Chakravarty and Lefeber [25]. 
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desired terminal situation. It also dis- 
tinguished between investment starts, in- 
vestment in execution and completed in- 
vestment. 

The linear maximand used in the CELP 
model was the discounted sum of consump- 
tion over a five year period. The relative 
rate of discount over time was assumed to 
be constant to avoid ‘regret’ phenomena of 


the type discussed in the theoretical liter- . 


ature by Robert Strotz [167]. Consump- 
tion in each period was assumed to be of 
constant composition. In other words, 
there was no substitution allowed between 
the different items of consumption in one 
single period. This is an assumption of the 
Leontief variety on the side of consump- 
tion. These assumptions could be formally 
stated as follows: 


(21) Maximize > WoOc 
tml 


where W(i)=(i+r)-' and [d] CH SF(d) 
where [c] is a diagonal matrix of propor- 
tional consumption coefficients with 
Xc=1. Clearly, r is the social rate of 
time discount whereas F(t) is the vector of 
sectoral outputs designated for consump- 
tion. The authors expressed their unhappi- 
ness over their extremely rigid assumption 
with respect to consumption but justified 
their procedure on the ground that, for an 
economy such as India, the low level of per 
capita income did lend some credibility to 
the assumption of a fixed composition 
consumption basket.” 

To make sure that consumption did not 
fluctuate from period to period, a linear 
model such as this required an explicit 
monotonicity constraint: C(#+1)>C(A 
(1+n) where ‘w is a predetermined 
growth rate. Further, consumption in 


2 Clearly the assumption of a fixed-consumption 
pattern, in turn, implies the CELP model assumed iden- 
tical, constant returns to scale tastes for each individual, 
thus ruling out explicit consideration of the question of 
the effects of changes in income distribution on con- 
sumption patterns. 


year 1, denoted by C(1), was assumed to 
be greater than C(1), a predetermined 
amount. On the side of the structural re- 
lations, the CELP model specified inter- 


- industry relationships both on the current 


and on the capital account. The model 
differed from the traditional treatment on 
the side of capital formation by introduc- 
ing a gestation lag of 3 years coupled with 
the assumption of an exogenous pattern of 
investment buildup. The model permitted 
the authors to assume that the pattern of 
buildup in investment was either uniform 
or different between sectors. These re- 
strictions on the structure of the economy 
were described by the following set of re- 
lationships: 


AX +E +N) +U +60 
+ EQ) —-MO) — XH) <0. 


F(t), N(é), H(é), G) were vectors of con- 
sumption, capital accumulation, inven- 
tory accumulation and governmental ex- 
penditure respectively. E(f) was the vector 
of export levels and M(#) was the vector of 
import levels. 

With regard to capital formation the 
CELP model used the following set of re- 
lationships: 


bX(t) — KW) <0, 
by 
where [b] = b: 


(22) 


(23) 


ba 


a diagonal matrix of sectoral capital- 
output ratios. 


K — K- 1) = ZÀ 


(24) 
+Rit—1)S0 
PZ) = I(t — k); 
(25) Sg@=i, &=1,2,3. 
k 
E pul (O — Na) = 0; 
2a * 


2 Nud = N.C). 
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Equation (23) states that total demand for 
fixed capital must be less than the capital 
stock currently available. Equation (24) 
states the balance relationship for net 
capital formation. Z(f) is gross new capac- 
ity available in #’ and R(t— 1) shows the re- 
placement requirements computed on any 
reasonable basis. Equations (25) and 
(26) describe certain structural aspects of 
the process of capacity creation. These 
consist of the assumption that additions to 
capacity consist of the blending of different 
sectoral outputs according to given pro- 
portions and at given moments of time. In 
other words, capacity additions are pro- 
duced by outputs devoted to capital for- 
mation with a distributed lag structure. A 
well defined part of the intended capacity 
increase must be completed at :—3, i—2, 
t—1 periods in order to have the desired 
capacity increase available at period 1. 

If g* denotes the proportion of total 
capacity increase that must be completed 
k periods in advance (k= 1, 2, 3), then in 
order to have a unit of capacity increase 
in é, I!(t—k) must represent that part of 
Z(t) that has to be completed in period 
(t—k). This is shown by the equation (25) 


Z(t) =I- k); Digk=1, &=1,2,3. 


The lagged investment components I‘(t—k) 
have their fixed coefficient production 
functions, one for each lagged period. In 
any one time period /, a given sector is go- 
ing to contribute inputs for producing 
L(A, Ii) and I(t). These inputs 
at time P are additive whether or not they 
are provided for capacity intended for ¢+1, 
i+ 2 or #-+3. When summed, they make up 
the sector’s contribution to gross invest- 
ment in #. This is described in equation 
(26) where p:* is the fixed production 
coefficient. Thus, 


OD Epal O-N = 0 


(28) 2 Nu) = Nid). 


In addition to capacity formation, there is 
also the equation for inventory accumula- 
tion, which is indicated by the following 
equation: 


(29) A() = S[X@4+ 1) ~ xd] 


where S= [S4] is the diagonal matrix of 
inventory requirements. 

Foreign trade problems were introduced 
in the model in a “complete” way, but not 
necessarily in a very satisfactory way. Ex- 
port demand levels were assumed to be 
given exogenously. Hence no optimization 
was introduced there. Imports were di- 
vided into two categories: competitive im- 
ports and noncompetitive imports. Non- 
competitive imports were related to sec- 
toral production levels by fixed propor- 
tions. Competitive imports were related to 
the sectoral production levels through the 
device of import ceilings. Formally the 
competitive imports of the i-th type of 
commodity were given by the following 
inequality: 


Milt) 
< milFA() + E EN — E MO] 


where M(t) was competitive import of 
the i-th type at time ‘?’, FA( was the 
foreign aid availability at ‘?, E(t) was ex- 
ports of the i-th commodity at time ‘’, 
M(t) was noncompetitive import into the 
i-th sector, m,* was an import ceiling. This 
meant that, after deducting from the total 
amount of foreign exchange earned at 
time (é) the total bill of noncompetitive 
imports, no more than mê times the re- 
sidual could be allocated for competitive 
imports of the i-th type. This device of 
handling competitive imports through in- 
troducing boundary relationships was im- 
portant in avoiding a pattern of complete 
specialization to which a linear model 


(30) 
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would otherwise gravitate. Hence, despite 
the awkwardness of the procedure, it 
served an important purpose in view of the 
procedure of linear maximization adopted 
in the CELP model on the assumption 
that Sm?2>1. 

The manner in which the investment 
figures for the terminal year were derived 
in the CELP model was different from 
that employed by Sandee, or Manne and 
Rudra. The CELP model brought the 
post plan future into focus in terms of in- 
vestment in the terminal year. This had 
some conceptual advantage over the con- 
verse procedure used by the earlier authors 
in as much as the growth rates were 
applied to the terminal year consumption 
component directly rather than to invest- 
ment figures. This is readily seen as fol- 
lows. From the purely mathematical point 
of view, the terminal configuration is 
merely the sum of the particular solutions 
corresponding to the nonhomogeneous ele- 
ments of an open dynamic Leontief model. 
If we write the sectoral balance equations 
in the compact vector matrix form, as 


(31) X=AX+BX+C+E+G-M. 


where X is the vector of gross output level, 
C the vector of consumption, E the vector 
of exports, M the vector of imports and G 
the vector of government expenditure, 
then the sum of the particular solutions 
corresponding to C, E, M and G gives the 
terminal configuration. Investment is 
treated here completely endogenously, 
since we assume J=BX. The complete 
solution to the nonhomogeneous part of 
the above differential equation is given by 


X = (I — A — rB) Ce" 
+ Ud ~ A — AB) Ee! 
+ (I — A — uB) Ger! 
— (I ~ A ~ 1B) Me. 


(32) 


# This procedure has been used independently by 
Manne. Also see Frisch [53]. 


Here r, A, u, v are the growth rates of C, E, 
G and M respectively. 

We should note that since the CELP 
model assumed a fixed consumption bas- 
ket, only the scale of consumption of the 
composite good was left to be determined 
by the logic of the optimizing mechanism. 
The items for the terminal year such as 
exports, government expenditure and im- 
ports were exogenously determined. Given 
these exogenous items, K(T), which stands 
for the terminal vector of capital stocks, 
was expressed in this model as a function 
f(r; T) where f is a vector function of the 
vector of the post Plan growth rates ‘f’ and 
the length of the horizon T; f’ was deter- 
mined implicitly by the solution of the 
optimizing mechanism. 

Given the information on post terminal 
growth rates, the length of the planning 
horizon, the initial conditions, the struc- 
tural equations, and the inequalities on 
the side of competitive imports, the model 
could work out a complete time path for 
all the variables such as production, con- 
sumption, and investment levels. (The 
model can, of course, be analyzed from the 
dual angle, e.g., in terms of the shadow 
prices of the relevant scarce factors. These 
shadow prices are the optimal rentals of 
different types of equipment as well as the 
price of foreign exchange. It is interesting 
to note that the shadow price of foreign 
exchange was always positive in this 
model since imports could always be used 
to increase the value of the maximand.) 

The model as developed by the above 
authors was the subject of a critical 
appraisal by Srinivasan [165]. Many of 
Srinivasan’s criticisms! were directed at 
the degree of weight to be placed on the 
numerical solutions thrown up by the 
model in some preliminary runs as well as 


= For these comments, which are of considerable 
relevance to an evaluation of the Third Plan targets, 
Srinivasan [165] should be consulted. We turn to these 
questions shortly. 
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on the comparability of the solution to the 
model with the actual Third Five-Year 
Plan figures. Srinivasan, however, raised a 
conceptual question of general importance. 
This question related to the way in which 
the terminal conditions were specified in 
the CELP model. This model had en- 
visaged terminal conditions as a way of 
sustaining post terminal rates of growth of 
consumption, where the composition of 
consumption was given exogenously but 
the scale was left to be determined by the 
optimizing mechanism. There are two 
limitations to this procedure. In a model 
involving an infinity of time, no indefi- 
nitely sustainable growth rate can exceed 
the growth rate of the labor force. Fur- 
ther, the composition of consumption, 
which in this model was pegged till 
eternity, could be expected to change if, as 
planned, income levels were going up year 
by year. Srinivasan, therefore, expressed a 
preference for setting terminal conditions 
in a way which would maximize indefi- 
nitely sustainable consumption per capita. 
This, of course, is none other than the dis- 
aggregated version of the so-called golden 
tule of accumulation. The terminal capac- 
ity vector in this case would be a function 
of the rate of growth of the labor force, 
and the production relationships of the 
system. Coupled with the assumption of 
full employment and a given time horizon, 
this would give the planner a vector of ab- 
solute levels of capacity needed at the end 
of the planning period. The method of 
setting terminal conditions along the lines 
suggested by Srinivasan has both con- 
ceptual and policy determination merits, 
especially in the context of a country like 
India with a massive and rapidly growing 
population. 

Since the original form of the above 
model was published, moreover, Eckaus 
and Parikh [51] have done further work 
within the framework of the CELP model. 
While the conceptual structure of the 


model used by Eckaus and Parikh is 
essentially the same as that of the CELP 
model, the introduction of longer time 
horizons and also of new techniques in the 
agricultural sector by Eckaus and Parikh 
constitute important improvements. 
Having stated the formal properties of 
the CELP model, and argued for its 
superiority over earlier efforts at oper- 
ational planning models in the country, 
we now proceed to comment further on the 
analysis of the CELP model, indicating 
the areas in which further research is 
necessary and thereby highlighting some 
additional limitations of the CELP ap- 
proach. We then conclude our survey of 
Indian planning models and techniques by 
discussing the precise manner in which the 
experiments with the CELP model were 
actually designed to throw light upon the 
important policy questions which Indian 
planners were concerned with at the time. 
Possibilities of Further Improvement in 
Model-Making. The first important im- 
provement in designing computable plan- 
ning models would be to relax the assump- 
tion of linearity by introducing a nonlinear 
maximand. This is because linear max- 
imization problems over time are known to 
display the so-called “flip-flop” behavior 
in consumption and investment levels, 
which is certainly very awkward for realis- 
tic planning models. If this “flip-flop” be- 
havior is then sought to be corrected 
through the imposition of additional con- 
straints, the constraints become more im- 
portant than the optimization procedure, 
and hence the problem is not really solved. 
In the context of a multisector, inter- 
temporal maximand, it is necessary to dis- 
tinguish between two types of nonlinear- 
ity. First, there is the possible nonlinearity 
of a one-period utility function involving 
different types of consumer goods. Such a 
utility function would be an improvement 
upon the fixed coefficients approach. Sec- 
ondly, the aggregate utility function over 


$ 
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time could be nonlinear bringing in con- 
siderations relating to the diminishing 
marginal utility of consumption as the 
consumption vector rises over time. Max- 
imization of a nonlinear maximand how- 
ever would raise many problems of a com- 
putational nature which may yet take 
time to solve but, with a Leontief type 
technology, the problem does not seem to 
be by any means hopeless. 

Secondly, the foreign trade problem re- 
quires a more satisfactory treatment. 
Changing comparative advantage posi- 
tions with respect to different commodities 
should be reflected more adequately in the 
structure of the model. On this point also, 
progress would require solving intricate 
questions of nonlinearity in somewhat the 
same way as in connection with the pre- 
ceding objective. However, in one re- 
spect, the nonlinearities relevant to an 
open economy would be somewhat more 
intractable to handle. These nonlinearities 
would arise when some learning phenom- 
enon is operative or some other form of 
economies of scale is relevant, rendering 
the classical convexity property of the 
feasibility surface inapplicable. The pro- 
gramming problem in this context would 
then have a mixed integer form, for which 
no very suitable algorithm yet exists. 

In addition to all these questions, we 
should also note that the structure of con- 
sumption and the techniques of production 
in the model are quite rigid and that this 
certainly restricts its empirical relevance. 
Further it may be valuable to introduce 
an explicit savings constraint, as political 
factors may impose a ceiling on the capac- 
ity to raise savings. 

An additional feature which planning 


2 On the problem of planning India’s trade pattern 
within the context of linear one-period maximization 
models, one can refer to the thorough work done re- 
cently by T. E. Weisskopf. Weisskopf [175] does not 
consider the choice of export levels; instead he assumes 
these to be given. 


models devised specifically in the Indian 
context ought to take into account is the 
phenomenon of massive unemployment, 
disguised and open. No formal planning 
model developed in the Indian context 
fully takes into account the problem posed 
by such unemployment. The only way un- 
employment is reflected in these models is 
through the assumption that labor is free, 
thus enabling one to focus attention on 
scarce resources such as capital and foreign 
exchange. Since the clear implication of 
these models is that full employment can 
be reached only over a relatively long pe- 
riod of time, important questions arise re- 
garding the way unemployment is to be 
handled in the intervening period. This not 
only raises problems of distributive jus- 
tice, which are very considerable, but may 
also raise serious problems relating to 
economic efficiency if one remembers that, 
given suitable organizational efforts, un- 
employed labor may be put to creating 
extra social overhead capital, which would 
largely involve redistribution of aggregate 
consumption. We have noticed that this 
aspect of planning received considerable 
emphasis in the work of Vakil and Brah- 
manand which we discussed earlier. But 
we have also seen that the linkage between 
the deployment of labor in such labor 
intensive rural construction activities is 
not entirely independent of the decisions 
taken elsewhere in the economy with re- 
spect to the use of scarce resources includ- 
ing wage goods. This is because we do not 
have many cases in real life where labor 
can produce capital goods unassisted by 
capital goods, and further, there is no 
automatic mechanism through which po- 
tential savings of the agriculturists could 
be transferred into consumption of labor 
working on construction projects. Thus, 
there is always some linkage between 
labor used on social overhead projects and 
the pattern of industrial development that 
is envisaged. Thus, what is necessary is an 
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explicit analysis of a planning model which 
would incorporate this important struc- 
tural feature of the Indian economy and 
explore fully its implications. The models 
which have been developed so far, while 
they range considerably in their sophisti- 
cation from simple to very elaborate con- 
structs, have, however, been essentially 
concerned with the implications of the 
shortage of capital and foreign exchange, 
rather than with a full analysis of the 
abundance of one important factor of pro- 
duction, e.g. unskilled human labor. 

Empirical Applications of the CELP 
Model. Despite these limitations, and 
essentially on an experimental basis, the 
CELP model was utilized to analyze cer- 
tain important, policy questions. 

Two essentially important problems 
were explored with the aid of the CELP 
model, which appeared contemporane- 
ously with the execution of the Third Plan. 
(1) Suppose that the Third Plan terminal 
year (1965/66) capacity targets were 
accepted, and the initial conditions and 
structural coefficients also accepted as 
implicit in the Third Plan, was there a 
feasible timepath from the latter to the 
former? Further, aside from feasibility, 
was the implicit timephasing in the Third 
Plan “optimal” if the preference function 
involved a discounted sum of consumption 
over the five year period (1961/1966)? (2) 
Moreover, the CELP model was also used 
to generate an optimal timepath of in- 
vestments and outputs, while replacing the 
exogenous terminal year capacity targets 
of the Third Plan and instead allowing 
endogenous determination of these targets 
via specification of the rates of post- 
terminal growth in different items of final 
demand. This latter trial run, therefore, 
raised the question of the optimality of the 
actual Third Plan in a more comprehen- 
sive manner. 

The first set of questions was analyzed 
on the assumption that an annual aid flow 
of Rs.5000 million would be available 


through the Third Plan—an assumption 
shared by the actual Third Plan. Further, 
the targeted rate of growth of consumption 
was specified alternatively at 24% and 5% 
per annum; the rate of time discount was 
set at 10%. With these specifications and 
the structural coefficients assumed to be 
those implicit in the Third Plan, the actual 
Third Plan turned out to be feasible. How- 
ever, it turned out that the optimal time- 
path solution for going from the initial to 
the terminal year capacity levels, under 
either assumption with respect to the 
growth of consumption,® required a lower- 
ing of consumption in the first year of the 
Third Plan as compared with the actual 
consumption that obtained in the year 
1960/61 which preceded the Third Plan. 
Thus the crucial question on the feasibility 
side, if one were considering an optimal 
transition path from initial to terminal 
capacity levels (as defined in the Third 
Plan), was whether the planners were 
willing to be very austere in the beginning 
of the Third Plan. The optimal timephas- 
ing of the Third Plan, therefore, was not 
merely at variance with that implicit in the 
Plan itself“ but, furthermore, it seemed 
unlikely to be feasible in practice. Fur- 
thermore, quite aside from optimality, if 
the capital coefficients matrix used by 
CELP was indicative of the structural re- 
lationships in the Indian economy, then 
the investment figures in the Third Plan 
represented a serious underestimate. 

The optimality exercise which allowed 
the terminal year targets to be endoge- 
nously determined, however (and which 


» The difference between the two alternative growth 
rates with respect to consumption showed itself more 
in the derived figures for the first year consumption 
levels than in the maximum value achieved by the ob- 
jective function over the planning period. 

% Since the possibility of such a reduction in con- 
sumption in the first year was certainly not envisaged 
in the Plan document. 

æ It should be noted that varying the discount rate 
from 10% to 20% hardly changed the solution, espe- 
cially with respect to the reduction in first year'consump- 
tion. 
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therefore envisaged the possibility of an 
investment allocation different from that 
in the Third Plan itself), threw up a solu- 
tion which was considerably different from 
the official Third Plan. First, the total dis- 
counted sum of consumption was con- 
siderably higher. The average annual rate 
of growth of consumption was considerably 
higher than the figure officially assumed 
for the Third Plan. Furthermore, the 
major constraining factors in this modified 
growth process turned out to be the con- 
sumption goods sectors rather than the 
sectors producing capital goods. Such a 
striking dissimilarity between the opti- 
mizing planning model and the official 
Third Plan was the subject of extensive 
comments by CELP [25] and by Sriniva- 
san [165]. Clearly several important fac- 
tors were responsible for this difference. 
One was the assumption of a fixed—com- 
position consumption basket which was 
heavily weighted in favor of food, the 
chief consumer good. Secondly, agricul- 
ture was treated in the model as some sort 
of a “bargain” sector with highly favorable 
capital—output ratios and relatively small 
requirements for flow inputs of industrial 
raw materials. Furthermore, the length of 
the gestation lag of three years, which in- 
volved a substantial amount of invest- 
ment in the pipe line so far as the capital 
goods sectors were concerned, together 
with a horizon length of five, years, also 
affected the numerical results substan- 
tially. In the subsequent exercises done by 
Eckaus and Parikh [51], most of these 
assumptions were modified; the revised re- 
sults showed a narrowing of the difference 
between the CELP results and the official 
Third Plan allocations, although the differ- 
ence continued.* We might note here that 

% For further points on this difference, including the 
‘possibility that the official Third Plan might have had 
a different objective function implicit in its targeted 
allocations (even though no evidence of explicit and 
coherent argument on this question could be found in 


the Plan document) and that the Third Plan might 
after all make sense.in terms thereof, see the original 


the CELP results, pointing to a shift in in- 
vestment allocations away from the capi- 
tal goods sectors to the consumer goods 
sectors (primarily agriculture) became 
available at the same time as the new 
Indian Prime Minister, Lal Bahadur 
Shastri, was expressing views to the same 
effect and recommending publicly a shift 
in investments and policy attention to the 
agricultural sector. In view of the practical 
importance, therefore, of the issues raised 
by the CELP work, there ensued a lively 
debate, As it happened, the shift towards 
the agricultural sector was to come largely 
as a result of two successive droughts dur- 
ing 1965/66 and 1966/67," which under- 
lined the inadequate growth of agricultural 
output in relation to the growth of popu- 
lation and income, the consequent reliance 
of the economy on P. L. 480 imports and 
the necessity to push more systematically 
on the agricultural front. Further, the 
relative investments in the capital goods 
sector were to slacken off during this period 
(and until the moment of writing this 
Survey) owing to the significant decline in 
the availability of project aid for fresh 
projects and the slow completion of those 
in execution, and also the fact that the 
governmental investments were con- 
strained by the shortage of wage goods 
owing to the two successive droughts. 
Having discussed the general area of 
planning theory and techniques,’ and 
analyzed the interplay between planning 
models and actual planning within the 
country, we now proceed to two related 


papers by Chakravarty and Lefeber [25] and Srinivasan 
[165]. 
31 The resulting economic difficulties were to be ac- 


. centuated by. the Indo-Pakistani war of late 1965 and 


the concurrent stoppage of aid. 

33 By way of completion, we may also refer to the 
very recent work of Alan Manne and T. Weisskopf 
[102] which represents a dynamic, intersectoral model 
for India, 1967-1975, and is an extension of the CELP 
type research. Also, we should refer to two papers of 
interest, by A. Ghosh [58] and K. N. Raj [134], which 
survey the literature on Indian input-output research 
and planning models from different points of view. 
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questions that have led to extended dis- 
cussion in India and have produced ideas 
of interest. These relate to (1) the choice of 
techniques and evaluation of investment 
projects, and (2) the issues of “financial” 
versus “physical” planning, “Keynesian” 
versus “quantity theory” approaches to 
planning without inflation, short term 
planning and spatial planning. 


Choice of Techniques and Investment Cri- 
teria 


The question of the choice of appropri- 
ate technology has been extensively dis- 
cussed in India. The debate grew out of 
the preoccupation of Gandhians with the 
protection of traditional modes of produc- 
tion such as handweaving and home 
spinning in the cotton textiles industry 
(from elimination by competition in the 
market from modern techniques). Much 
of the debate on this issue occurred con- 
currently with the formulation of the 
Second Plan. With its emphasis on the 
buildup of the capital goods sector, and 
also its concession to the demands for pro- 
tecting the traditional forms of produc- 
tion, the Second Plan represented a cur- 
ious blend of Soviet and Gandhian eco- 
nomic philosophies—consistent with the 
reputed Indian genius for reconciling the 
irreconcilables! 

The economic discussion of the issue 
was largely centered around comparisons 
among three alternative techniques of 
weaving, representing different degrees of 
mechanization? Raj [130, 131] whose 


` H Indeed, economic policy was to be deeply influenced 
by such political thinking, supported at times by eco- 
nomic argument. See Manmohan Singh [163] on this 
question, in the context of its impact on India’s export 
performance in cotton textiles. As we will note later in 
the text, the Indian economic discussions ignored the 
effects on foreign trade, via quality effects, although 
these appear to have been empirically quite significant. 

49 We may also note here the interesting work of Dhar 
and Lydall [45] and Lakdawala and Sandesara [88] on 
the economics of small scale industries, which explored 
the problem of choice of technique, in this context, ina 
systematic manner. 


pioneering discussion of this question was 
to prove fruitful, attempted to show that 
the rate of return on capital invested in 
any technique, if the capitalist rules of 
the game were followed, might not give a 
‘true’ indication of the social rate of return 
on capital. He obviously had in mind the 
argument, earlier raised by Tinbergen 


[170] and others outside India, regarding 


the possible differences between ‘account- 
ing prices’ and market prices in many 
underdeveloped economies. Raj also 
wanted to take into account the dole to be 
paid to the unemployed as a part of the 
cost of using the more mechanized tech- 
nique, and to include the cost of social 
overhead involved in setting up highly 
mechanized new units, which could be 
largely avoided by sticking to more 
traditional techniques. 

Raj’s paper, which was published in the 
Economic Weekly," generated an extensive 
debate in that journal, with both Indian 
and foreign economists participating there- 
in. The main thrust of the controversy 
that followed related to the question of 
how labor cost should be evaluated from 
a social point of view. The answer to this 
question turned, quite naturally, on how 
the social objective before the planner was 
defined. If, as Sen [153] noted, the objec- 
tive was to maximize current output, 
“surplus” labor was “free” in terms of 
opportunity cost. If, however, the objec- 
tive was to maximize the rate of growth of 
output, then the wage bill represented a 


& The Economic Weekly, now continuing as The Eco- 
nomic and Political Weekly, has occupied a unique place 
in Indian economic journalism. Founded and edited by 
Sachin Chaudhari, it has served as an outlet for tenta- 
tive, economic ideas for many economists in the coun- 
try, and with its semi-academic nature, it has helped to 
focus attention on many of the interesting problems 
facing the country. Among its contributors can be 
counted practically all the major economists, sociolo- 
gists and political scientists in the country. 

4 Among the Indian economists in the debate were 
Ashok Rudra [149], Ajit Biswas [16, 17] and A. K. Sen 
{155]; the foreign economists were Joan Robinson (147], 


Charles Bettelheim [3] and Jan Tinbergen [171]. There _ 


were also several other contributors: [59]. 
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social cost—provided we could assume 
that wages would be spent and would thus 
represent incremental consumption.* 
However, the following comments on 
this position are warranted. (1) The con- 
flict between current output and the rate 
of growth of output arises from the implic- 
it assumption that the rate of savings is a 
function of the choice of technique and 
cannot be varied by fiscal policy to de- 
sired levels.“ (2) Furthermore, from a 
policy point of view, we would have to 
assume that the government has adequate 
control machinery for fully regulating the 
choice of technique but not for varying the 
savings rate to any desired extent. (3) The 
argument that the wage bill represents the 
social cost of consumption must also be 
modified, as Raj had already noted, by the 
saving in consumption, if any, in the sector 
from which the labor “emerged.” (4) Also, 
the formulation of the two objectives, 
maximization of current income and max- 
imization of the rate of growth, involves 
juxtaposing two extreme forms of social 
preferences. The problem could instead be 
posed, following Ramsey, as one involving 
the evaluation of the entire streams of 
consumption associated with the choice of 
alternative techniques. This is, in fact, how 
Sen [156] proceeded later to look at the 
problem although his formal analysis 
emphasized the possibility of alternative 
.timepaths and the necessity to choose 
therefrom, rather than formal optimiza- 
tion procedures.*® 
Furthermore, in the attempted applica- 
tion of these ideas to empirical problems 
#8 Little [93], writing independently later, formalized 
the arguments relating to the “real cost” of labor in the 
context of well defined models. 


“ This point was strikingly made in the early paper © 


by F. Bator [2] on the subject of choice of techniques. 
4 Sen indicated however the resolution of this choice 
- by maximizing the sum of consumption over a finite 
planning horizon: this would, however, amount to as- 
suming implcitily a constant marginal utility of con- 
sumption. Subsequent attempts at dealing with this 
class of questions have recently been made by Dixit 
[46] and Marglin [104]. 


such as the choice of technique in weaving, 
two major defects were evident. (1) The 
fact that alternative techniques may have 
different impacts on quality, and hence 
also on export performance, was not 
seriously considered. (2) Moreover, while 
computations of “reinvestable” surplus 
were made for each technique, it was for- 
gotten that similar computations would 
have to be made all the way “backwards” 
to get a complete answer: the reinvestable 
surplus may be higher in technique A than 
in technique B if we take only the final 
stage of production into consideration, but 
the ranking may reverse if both direct and 
indirect reinvestable surpluses were taken 
into account.‘ 

Finally, if we are to evaluate the entire 
debate as conducted at the time, it is in- 
deed surprising that while the “true cost” 
of labor came in for a good deal of dis- 
cussion, the associated concept of the 
“true cost” of capital did not figure much 
in the Indian discussion. It was, of course, 
mentioned from time to time that the 
market rate of interest did not reflect the 
true scarcity of ‘capital’ but it was not 
quite clear what was meant by such an 
expression. Some people argued that the 
current rate of return on capital invested 
by the companies for which balance sheet 
data were available constituted the index 
of scarcity of capital. But there were two 
difficulties in this case, one due to the un- 
reliability of the estimate of capital as 
measured by the information given on 
bookvalues, and the other due to the 
difference that would normally exist be- 
tween the average return and the marginal 
return. However, the question remains as 
to the relevance of the return on the capi- 
tal even when one is referring to the mar- 
ginal return." Such a marginal rate of re- 


4t The fallacy consisted in carrying over an argument, 
worked out at the macro level, to the evaluation of a 
micro industry. 

47 For an empirical attempt at estimating such a 
marginal return, see Eckaus and Lefeber [50]. 
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turn would be an appropriate interest rate 
for discounting future benefits only inso- 
far as we could assume that the capital 
market was perfect and hence society was 
equating the marginal rate of return on 
cost (in the Fisherian sense) with the 
marginal rate of substitution between con- 
sumption at two consecutive time points. 
In the absence of such assumptions being 
satisfied, the appropriate social rate of dis- 
count would diverge from the marginal 
rate of return, the degree of divergence de- 
pending upon what time profile of con- 
sumption is regarded as optimal by so- 
ciety.* 

From the foregoing survey, it is clear 
that the Indian discussion of the choice of 
techniques was concerned primarily with 
the selection of an appropriate social rate 
of return on a unit of invested capital.” 
This problem came to be directly con- 
fronted eventually in connection with the 
cost/benefit analysis of the multi-purpose 
river valley projects, to which many 
economists turned their attention. 

It would be tedious to attempt a de- 
tailed survey of all the studies; besides, 
their conceptual framework is largely 
identical. Hence we concentrate on three 
major analyses of investment projects, to 
illustrate the full range of methodological 
issues that were raised in the Indian con- 
text. These were the work of K. N. Raj 
[133] who dealt with some aspects of the 
Bhakra—Nangal project in the Panjab, of 
N. V. Sovani and N. Rath [164] who ex- 


+ In fact, the social rate of discount, the “true cost” 
of labor and the optimal rate of consumption are all 
interdependent elements in a single, intertemporal opti- 
mizing problem. Hence, it would be inappropriate also 
to go about setting up numerical values for these mag- 
nitudes in an unconnected fashion, as is sometimes done. 
In this connection see the recent work of Dixit [46] 
and Marglin [104]. 

49 The notion that the shadow foreign exchange rate 
may be higher than the parity also became more preva- 
lent in the later stages of the discussion, although it had 
been obscured or omitted from many early analyses, 
both theoretical and empirical. 


amined the economics of the Hirakud dam, 
and of Paul Rosenstein—Rodan [148] who 
analyzed the economic worthwhileness of 
nuclear prower production in India." 
Rosenstein—Rodan’s analysis differed from 
that of Raj and Sovani-Rath, in having 
preceded, rather than followed, the execu- 
tion of a project. l 

Raj’s analysis was particularly acute in 
its discussion of the employment aspects 
of the project, and of its spillover effects in 
the form of indirect demands for consump- 
tion. Among the interesting conclusions he 
reached was that labor could not be drawn 
away in unlimited amounts at a given real 
wage rate: more labor could be had only 
by incurring higher costs to secure the mi- 
gration of labor from more distant areas. 
Raj also found that the marginal propen- 
sities to consume of labor which migrated 
to the project site and of labor which came 
daily from rural households were different, 
the former having shifted to superior 
grains. He further noted several areas 
where the project design had ignored possi- 
bilities of substituting labor for capital, 
thus resulting in unduly high capital and 
import intensity. The design of the power 
project also suffered from not taking into 
account the time and the location pattern 
of the demand for power which was likely 
to arise: as a result, substantial investment 
in transmission lines, among other things, 
was made which could have been saved by 
building cheaper sources of power supply. 

While, however, the analysis made by 
Raj clearly indicated that the time factor 


© Rosenstein-Rodan’s analysis was essentially a 
critique of an earlier memorandum, advocating nuclear 
power production in India, by Homi J Bhabha, the late 
Director of the Indian Atomic Energy Commission. 

& Indeed, one of the major deficiencies in Indian 
planning has been an inadequate appreciation of the 
need to analyze critically the economics of major in- 
vestment projects prior to their approval and execu- 
tion; there are indications, however, of forthcoming 
change in this respect. There is also considerable in- 
terest now among economists in conducting such stud- 
ies of industrial plants and projects. 
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was crucial in evaluating an investment 
project like the Bhakra Nangal, which 
locked up an enormous amount of re- 
sources over a very long future, he did not 
make any attempt to compute the present- 
value estimates of benefits or costs asso- 
ciated with the project. Raj’s reluctance 
on this point was understandable in view 
of our inability to say anything numer- 
ically very firm as to the social rate of dis- 
count which could be used to convert bene- 
fits and costs accruing at different points 
of time to commensurable units. But even 
the use of alternative sets of notional esti- 
mates would have been worthwhile to in- 
dicate the different margins of choice 
which existed in designing and implement- 
ing the project. 

The analysis of Sovani and Rath cor- 
responded to the usual type of cost/benefit 
analysis. Instead of computing an overall 
present value, however, they computed an 
annual cost/benefit ratio on the assump- 
tion of a given constant interest rate and a 
given depreciation flow every year. The 
interest rate was assumed to be 10%, on 
grounds which were not spelled out. The 
relative abundance of labor as a factor in 
the project design was not discussed; nor 
were the indirect effects of the project ex- 
amined. Instead the authors concentrated 
on computing intensively what they con- 
sidered to be the direct benefits associated 
with greater irrigated facilities and greater 
availability of hydroelectric power. While 
the use of the apparatus of cost/benefit 
analysis was a welcome feature of their 
exercise, the assumptions made with re- 
gard to the estimation of benefits and costs 
were somewhat drastic and could be 
questioned. 

The substantive issues raised by Rosen- 
stein-Rodan, by contrast with the exercise 
of Raj and Sovani-Rath, included the 
question of the suitable rate of discount. 
His calculations, based on data partly sup- 
plied to him by Ian Little, showed that the 


estimated unit cost of electricity genera- 
tion was highly sensitive to the choice of 
the discount rate, because the capital costs 
of setting up nuclear power plants are 
extremely high. Further, Rosenstein—Ro- 
dan raised an interesting question with 
respect to the social, as distinct from the 
market, cost of inputs such as coal, which 
is an exhaustible asset with a highly un- 
even geographical distribution in India 
(implying significant transportation costs). 
Moreover, if a nuclear power plant were 
to be built, it would have necessitated 
heavy imports in the early stages. Thus 
the scarcity value of foreign exchange had 
to be guessed if the official exchange rate 
could not be regarded as an index of “true” 
scarcity. 

Aside from all these considerations, 
there were uncertainties regarding tech- 
nological progress, which might reduce the 
costs significantly in the future: the ques- 
tion of the optimal timing of the project 
was therefore equally important in this 
case and the possible postponability of the 
project was an additional factor to be con- 
sidered. Even leaving out uncertainty, 
however, any answer relating to timing 
would require both an explicit assumption 
relating to the future demand and specifi- 
cation of the discount rate, even when the 
cost profile is known accurately: however, 
such an analysis was not undertaken by 
any of the participants in the debate." 


®Tn a nonstochastic context, this question of the 
optimal timing of a project has been analyzed by Mar- 
glin [103] [105]. He shows that the optimal time for con- 
struction occurs when the marginal loss in benefits from 
further postponement just equals the marginal savings 
in interest costs, Since this rule is too general, Marglin 
shows that under certain additional assumptions, the 
above rule could reduce to a simpler rule which says if 
we assume that the immediate benefit rate from a pro- 
ject will continue over its finite lifetime (whatever 
that may be), then the optimum time for construction 
is when the present value of benefits is not less than the 
cost of the project for the first time. Unfortunately, this 
simple rule, as Marglin is well aware, cannot be applied 
to situations involving increasing returns to scale. Since 
the argument for the nuclear power station was partly 
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Thus, while the discussion on invest- 
ment projects which took place in India 
raised a number of important questions, no 
specific study of any investment projects 
undertaken so far can be said to have pro- 
vided anything like a complete analysis in 
terms of the social cost-benefit calculus. 


Other Issues Pertaining to Planning 


Among the interesting debates in India, 
relating to planning, has been that associ- 
ated with the notion of “physical” plan- 
ning as contrasted with “financial” plan- 
ning. 

The phrase “physical” planning, attrib- 
uted to Mahalanobis, was put forth as a 
counter to those who wished to opt for a 
smaller level of financial outlay on the 
ground that larger outlays would lead to 
inflation. The argument of the physical 
planners at the time was that if a set of in- 
vestment targets was internally consis- 
tent and feasible in the sense that enough 
capacity and labor were available to pro- 
duce it and the draft on foreign exchange 
did not exceed export earnings plus com- 
mitted foreign aid, then there should not 
be any problem in generating enough 
“financial” resources to undertake the acts 
of investment. 

But this contention, if taken at its face 
value, was spurious (despite the fact that 
it played a major role in getting policy- 
makers converted to larger outlays on in- 
vestment). At its essence, the argument 
presupposes that if, “structurally” or 
“physically,” we can raise the proportion 
of investment in national income, the 
necessary ex ante savings can be found to 
make the program “feasible” without in- 
flationary effects. While tbis is a tautology 





based on increasing returns through time, one could not 
therefore discuss its timing on the basis of the Marglin 
theorem. The resolution of the question requires an 
explicit intertemporal analysis of the particular invest- 
ment projects in question, which was not undertaken by 
those engaged in this controversy. i 


at one level, its implication that policy- 
makers can therefore raise as much savings 
as are necessary to support the planned in- 
vestments is clearly untenable." There is 
no escape from having to investigate sep- 
arately the problem of generating enough 
savings to support the projected invest- 
ment, if inflation is to be avoided. Direct 
measures controlling the level and compo- 
sition of consumption may be sometimes 
called for if the physical planning targets 
are to be implemented, a fact which was 
not fully emphasized by the ‘physical 
planners’. l 

A related fallacy was the tendency, at 
the time, to argue that if India went in for 
capital goods production, it would not 
merely be possible to raise the savings- 
investment rate (by getting over the post- 
ulated transformation constraints) but 
that this would also ensure that the savings 
-investment rate would automatically be 
stepped up. The basis for this assertion was 
that “‘no one can consume capital goods so 
the only choice would be to have the 
higher savings—investment rate.” It was 
forgotten that the effect could well be, for 
example, excess capacity in the capital 
goods sector or cutting into exports of 
(traditional) consumer goods (which could 
reduce imports of capital goods) unless 
fiscal policy was used to raise the savings 
rate to match the projected increment in 
the rate of investment. 

While the notion of “physical” planning 
was used by the “big planners” (who 
favored larger investment outlays) against 
the more cautious “small planners,” the 
actual fixation of the overall investment 
targets appears to have been more in the 
nature of a compromise between these 


E In a corn economy, for example, it may be possible 
to put all corn back into the ground and raise the ratio 
of investment to national income to 100%; but it would 
be patently absurd to argue then that, because this is 
technically or “physically” feasible, the necessary “fi- 
nancial” resources (i.e. savings) can therefore be found! 
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rival groups. It has further been alleged 
by some critics that the savings~invest- 
ment balance worked out in the Plans 
suffered from an inherent inflationary bias 
even when the numerical projections 
looked quite safe on paper. These biases 
arose from (1) exaggeration of productiv- 
ity estimates (especially in agriculture), 
(2) liberal guesses at the ‘safe’ limits to 
deficit financing, (3) underestimation of 
investments in private agriculture and 
small industry (which generally were ‘cut’ 
by the big planners to reduce the total in- 
vestments, in full knowledge that no re- 
duction would actually follow as these were 
mere estimates and fairly beyond policy 
control), and (4) failure to make allow- 
ance for additions to inventories, not to 
mention (5) the ‘uncovered gap’ in the re- 
source balance exercise which was actually 
published in the Second Plan document.® 

In this context of fiscal policy program- 
ing, which examines whether ex ante sav- 
ings would match the projected invest- 
ments, we may note that the “Keynesian” 
approach has now come to stay in India. 
It has become customary for the Plan 


& The cautious groups have belonged to the Finance 
Ministry whereas the big planners have been associated 
with the Perspective Planning Division of the Planning 
Commission. 

® Pointing to these factors which build into the Plans 
a systematic tendency towards price inflation, despite 
the apparent balancing of ex ame savings and invest- 
ment, Bhagwati [10] has observed that such “over- 
extended” planning is likely to have led to too many 
starts and too few completions of projects, thereby 
leading to a serious decline in the overall level of 
productivity. He has also argued that the protagonists 
of such a strategy may have thought that, “getting 
exaggerated Plan targets accepted by the Government 
would push it into the extra effort (via domestic taxa- 
tion) which otherwise would not be forthcoming. This 
strategy presumably relied on the built-in creation of a 
mildly inflationary situation to put pressure on the 
Finance Ministry to tax even more than its Plan com- 
mitments, quite ignoring the fact that the resulting un- 
rest in the urban areas could possibly prevent the Fi- 
nance Ministry from taxing even as much as they would 
have (if the inflation had not been deliberately built in) 
and thus reducing the resultant level of real investments 
as also their efficiency.” 


documents to present fiscal policy in the 
context of an overall savings and invest- 
ment exercise, rather than purely in bud- 
getary terms. This has been the case de- 
spite a tendency toward thinking in 
quantity—theoretic terms on the part of 
some economists in India." 

The question of fiscal policy also raises 
the entire question of short-term (or an- 
nual) planning in India. There is little 
doubt that short-term planning, which 
takes a narrower horizon than the Five 
Year Plans, is essential in a country such 
as India where (i) agriculture plays an im- 
portant role (in exports, industrial produc- 
tion and consumption) but is subject to 
wide fluctuations in performance—as was 
brought home to Indians during the two 
successive and serious droughts during 
1965/66 and 1966/67; and (ii) foreign aid 
also is crucial (in project investments and 
utilization of industrial capacity). The 
need to adapt planned expenditures, and 
economic policies in general, in the light of 
fundamental revisions relating to critical 
assumptions, is certainly obvious.’ 

Unfortunately, there has been no serious 
attempt so far at building a relevant 
short-term model for the Indian economy, 
which would permit the policymakers to 
take informed decisions—a lacuna which 
became only too obvious when the recent 


% On this issue, see Little [92], Chakravarty [21] and 
Padma Desai [43]. Further, Little’s [94] systematic 
work on taxation for the Third Plan, for the PPD, was 
one of the first attempts at conducting the overall sav- 
ings-investment exercise in some detail, although the 
Second Plan did contain the rudiments of essentially 
the same type of exercise. Coming from the side of the 
big planners, Little’s work appears to have had an in- 
fluential role in the favorable outcome for the big 
planners. 

87 In this connection, it is interesting that there has 
been no extended discussion af suggestions such as the 
“rolling plans” discussed in the Swedish literature. 
However, the question Aas led to demands such as, for 
example, having a “core” of “basic” projects and ex- 
penditures which would be carried through in any case, 
with more being done if aid comes through. However, 
there has been no systematic exploring of these issues. 
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industrial recession, in 1967, left the 
policymakers in a position where action 
had to be taken without any systematic 
knowledge of key relationships (such as 
the effect of corporate taxes on savings, 
pricing policies of corporations etc.).** We 
should note here, however, an interesting, 
early attempt towards building an econo- 
metric model for India, by Narasimhan 
[122]. Narasimhan constructed an econo- 
metric model roughly on the same lines as 
Tinbergen’s pioneering model for the 
United States and the United Kingdom. 
Narasimhan’s model had 18 equations, of 
which 7 were definitional, one was in- 
stitutional and the remaining were be- 
havior equations. While Narasimhan’s was 
a pioneering attempt, he appears to have 
paid insufficient attention to adapting the 
Tinbergenesque models to the very differ- 
ent structural features of the Indian 
economy. These would relate, for example, 
to the distinction between urban and rural 
propensities to save, the elasticity of the 
marketable surplus in agriculture, the dis- 
tinction between factory employed labor 
and self employment, and so on. In view 
of these limitations, therefore, Narasim- 
han’s exercise is best regarded as an ex- 
ploration of the question of building a 
suitable, short-term econometric model 
for India, rather than as a realistic and 
usable model.®* 


% We may record, however, that in this area as well, 
more systematic work is beginning to emerge. An ex- 
ample is the detailed study of inventory holdings in the 
large scale, manufacutring sector by Krishnamurty and 
Shastri [85] which illuminates an otherwise obscure 
area of the Indian economy. 

8 In this connection, we may also refer to a short- 
term policy model built by Padma Desai [41] for India, 
which was of an illustrative nature. Her model was 
based on a (3X3) input-output table which was closed 
with respect to consumption. The exercise was interest- 
ing because of the way in which she determined con- 
sumption endogenously via the assumption that the 
propensities to consume of workers in different indus- 
tries were different. The model could thus predict the 
effect of changes in exogenous items of final use on 
sectoral output levels more completely than the input- 
output models discussed earlier in the text. However, 
the model did not specify how the instrument variables 


Finally, it is interesting to note that, 
while Indian planning models have be- 
come fairly sophisticated in relation to 
intertemporal phasing and perspective 
planning, there has been no comparable 
extension of analysis to questions of spatial 
planning. This is somewhat surprising in a 
country with a federal setup and where the 
constituent States have come to follow in- 
creasingly inward looking policies. An 
important consequence of the lack of 
spatial planning of industrial targets has 
been the tendency for the targeted in- 
dustrial capacities in each industry to be 
competed for by numerous claimant 
States, thus resulting in the allocation of 
plants with uneconomic scale to as many 
States as politically necessary.“ While it 
would certainly be naive to expect that 
efficient allocation of industrial targets 
among different States, consistent with 
the satisfaction of constraints with respect 
to aggregate levels of industrial invest- 
ments in each State on political grounds, 
would necessarily be accepted as a politi- 
cally satisfactory method of spatial plan- 
ning, it is nonetheless true that few econo- 
mists gave serious attention in India to 
this question. An important, recent de- 
parture in this respect is the work of 
Srinivasan and Manne [99] which has 
brought original analysis to bear upon the 
policy question of optimal location, size 


at the command of the government were related to the 
exogenous variables in the input-output sense, so that 
it was not sufficient for generating a shortterm plan in 
a complete way. 

© We take up this question again in the next section, 
when we discuss the food zones that have operated in 
India, 

© This process has been noted, and the lacuna in In- 
dian planning techniques criticized by several eco- 
nomists: see Bhagwati [9] and Hanson [62], in particular. 
Bhagwati [9] has also emphasized that the uneconomic 
scale plants may well be economically justified if the 
spatial distribution of demand and transport costs, for 
example, make centralized production uneconomic, and 
that it is the lack of economic analysis of this issue, 
rather than the actual solutions implemented, which is 
unsatisfactory. 
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and expansion of industrial capacities.@ 

Having then discussed the principal 
issues and models which have emerged in 
relation to Indian planning, we now pro- 
ceed to the Indian analyses that bear on 
questions of agricultural policy. 


Il. Agriculture 


Indian agricultural policy discussion has 
taken place against the background of a 
trend rise in agricultural production, 
especially of foodgrains, which has fallen 
sufficiently short of the growth in demand 
arising from income and population growth 
to require continual and significant im- 
port of foodgrains under the P.L. 480 pro- 
gram. In consequence, economic analysis 
has largely been concerned with questions 
relating to agricultural price and distribu- 
tion policy, and also the economic eff- 
ciency of alternative forms of land tenure 
and agrarian organization.™ 

In turn, these questions have led to 
analytical work on a whole range of prob- 
lems with a direct bearing upon policy de- 
cisions.“ Prominent among these studies 
have been the analysis of (1) the economic 
“rationality” of farmers, (2) the response 


€ For general work on “regional” models in India, 
the survey by Ghosh [58], which we have referred to 
earlier, is a valuable reference. Aside from the many 
references there, work on transportation and regional 
planning models has been done in India by several other 
economists, including M. Datta—Chaudhuri [39] and 
K. Sundaram [168}. 

8 With respect to agrarian organization, the social 
aspects of alternative policies have also claimed equal 
attention in the Indian discussions. Cf. Dantwala [35]: 
“Tt may be pertinent to enquire as to what has provided 
the main inspiration for the proposal to impose a ceiling 
on individual ownership of land: the urge for distribu- 
tive justice or the necessity of a more rational use of the 
land surface? The impromptu answer would perhaps 
be: both. But it would be honest to admit that the 
prime motivation is distributive justice. In the context 
of the acute land hunger and millions of dwarf farms, 
ownership of large areas of cultivated land by a few is 
considered highly inequitable, justifying the imposition 
of an upper limit to individual ownership.” 

U The Indian Journal of Agricultural Economics, cur- 
rently in its 22nd volume, is an excellent guide to the full 
range of problems that Indian agricultural economists 
have considered from time to time. As already noted 
earlier, our survey is necessarily selective. 


of marketed surplus and production to 
price changes, (3) the relationship of land 
tenure systems and agrarian organization 
to the efficiency of factor use and to the 
elasticity of marketed surplus, production 
and investment to price change, and (4) 
the question of the existence and measure- 
ment of disguised unemployment. 

Furthermore, Indian economists have 
also turned increasingly to efficiency ques- 
tions relating to public agricultural invest- 
ments. Economic analysis has been in- 
creasingly deployed, principally by Minhas 
[114] and Minhas-Srinivasan [115] to 
examine problems such as the efficient 
allocation of irrigation water and fertil- 
izers,© although the choice between alter- 
native ways in which farm output may be 
raised (e.g. land reclamation versus inten- 
sive cultivation) has not yet been fruit- 
fully explored at an empirical level. 


Agricultural Performance 


At the outset, we may note that the pro- 
duction performance of Indian agriculture 
has been the subject of lively debate.® 
Pointing to India’s continued reliance on 
P.L. 480 imports, economists such as 
Dandekar [33] have tended to dismiss 
India’s agricultural performance as dis- 
mal, On the other hand, Raj [135] and 
Dantwala [34], while conceding the in- 
adequacy of this performance, have 
attempted to put it into perspective by 
noting that the annual, compound rate of 
growth of production of foodgrains at 2.98 
per cent and all commodities at 3.19 per 


® We may also recall here the cost-benefit analysis of 
Sovani and Rath [164] and Raj [133] which we have 
surveyed in Part I. See also the excellent review of the 
literature on application of economic theory to Indian 
agricultural policy discussion by Khusro [76]. 

We may note here the important work of Minhas 
and Vaidyanathan [116] in measuring the rate of growth 
of Indian agriculture, by 268 districts, for the aggregate 
output of 28 major crops for 1951-54 to 1958-61. For 
their method of measurement, including their decompo- 
sition of this growth into crop pattern change, produc- 
tivity and acreage “effects,” as also a valuable survey 
of other work in this area, see Minhas [113]. Parikh’s 
work [127] in this area is also noteworthy. 
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cent for 1949-50 to 1964-65 does not com- 
pare unfavorably with performances in 
most other countries including those in 
South East Asia. Moreover, Dantwala 
[34] has also noted that, contrary to gen- 
eral belief, productivity has also increased 
through this period, with acreage under 
all commodities increasing by 8 percent 
but production by 34.8 per cent. 
Whether one regards the agricultural 
performance, however, as dismal or just 
inadequate for India’s developmental 
needs, the pertinent questions are whether 
(1) governmental policies (especially con- 
cerning prices) could have improved it, and 
(2) governmental policies (especially with 


respect to internal procurement, imports, . 


private trade and public distribution), 
were efficient, given the agricultural per- 
formance. Before we discuss these two 
principal policy questions at some length, 
we survey the Indian analysis of the 
empirical relationships, pertaining chiefly 
to the marketed surplus and production of 
foodgrains and overall agricultural produc- 
tion, that have a direct relevance to these 
questions and have indeed entered into the 
controversies surrounding these questions. 


Economic Rationality in Agriculture 


We begin with the literature on the 
“economic rationality” of the agricultural 
sector. Whether agricultural and rural 
people and institutions respond to econom- 


€? Dandekar [33] has noted that if the two (drought) 
years 1965-66 and 1966-67 are included, the perfor- 
mance looks even less satisfactory; however, Dantwala 
[37] has pointedly replied that the 1967-68 crop, which 
is at a bumper level, would bear out /#s notion of the 
trend. In this context, we may also note that Raj’s 
[138] comparison of the agricultural growth rates in 
India and Pakistan is a useful corrective to Mason’s 
[106] adverse, comparative view of India’s agricultural 
performance. 

® However, the performance through the entire 
period conceals a serious deceleration which sets into the 
overall growth performance as also in the growth of 
average productivity, with the Third Plan. Hence, the 
agricultural performance may have been not merely 
inadequate but also steadily becoming worse. The 1967- 
68 crop, however, has been a bumper crop. 


ic motivation or are impervious to it is 
a general question, of which the possible 
response of marketed surplus and produc- 
tion to price changes (which we discuss in 
the ensuing sections) are only the most 
obvious examples. The Indian literature on 
the broader question of economic ration- 
ality in this sector divides itself into em- 
pirical analysis aimed at (1) examining the 
efficiency of factor use within the existing 
institutional framework, and (2) demon- 
strating that the institutional framework 
itself adapts to the profit motive. 

(1) Among the principal contributions 
to the former class of questions is Hopper’s 
[70] analysis of the efficiency of Indian 
farmers in the allocation of resources. 
Hopper’s method is to estimate production 
functions for his selected crops® and 
demonstrate that the factors used indeed 
earn the value of their estimated marginal 
products. However, as Nowshirwani [123] 
has correctly pointed out, Hopper’s single 
equation estimation of his production 
functions leads to estimates that are 
neither unbiased nor consistent (in a 
statistical sense) so that Hopper’s results 
must be treated with some scepticism. 

Furthermore, we must note a different 
approach by D. K. Desai [40] to the prob- 
lem of efficiency of factor use, which aims 
at discovering the optimal utilization of 
existing resources on individual farms and 
contrasting the resulting utilization pat- 
tern and returns with the actuals. Desai 
uses linear programing methods for this 
purpose, utilizing data collected for the 
Farm Management Studies in two districts 
of Maharashtra during 1954-55 to 1956-57 
and examining forty individual farms. This 
pioneering work has reached the conclu- 
sion, at variance with Hopper’s, that there 
is often a significant gap between possible 
and actual returns to farming, indicating 
economic inefficiency. However, as Hanu- 


© The data relate to one Indian village and to the 
expected output from invested resources of its farmers 
in a single agricultural season. 
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mantha Rao has pointed out to us, the 
gross inefficiencies which Desai’s analysis 
indicates are probably to be attributed to 
the fact that the results are derived by 
references to single period, ex post price 
vectors. If expected, rather than ex post, 
prices were considered, the results might 
be significantly different. A similar doubt 
attaches to Desai’s use of given production 
relationships, which again may lead to in- 
efficiency in the design of the test for op- 
timality: expectations with respect to 
weather, for example, may significantly 
alter the crop pattern that may be adopted 
on efficiency grounds. Apropos of this dis- 
cussion, it is also pertinent to remember 
the important distinction that Lipton 
[91] has drawn between farmers’ produc- 
tion response to price change (which we 
discuss later) and profit maximization. For 
example, producers responding to prices in 
a cobweb model may not be maximizing 
profits in the long run.7° 

(2) The analyses which seek to establish 
that the rural institutions change in re- 
sponse to economic motivation are of equal 
interest. While a sociologist such as 
Scarlett Epstein [52] has attempted cross— 
section analysis to show this, by contrast- 
ing two villages which differ only in terms 
of the recent availability of irrigated 
water, Raj [139] has noted that the 
“sacred cow” is not so sacred after all and 
manages to get slaughtered even in Hindu- 
intensive areas if ecological and price fac- 
tors make it economically advantageous to 
do so,7 

Hanumantha Rao’s [67] analysis of 
share cropping is also of considerable im- 
portance in this context. Rao shows in an 
ingenious fashion that share cropping ob- 
tains generally in those areas, and for 


1 Lipton [91] provocatively entitles his review of 
Dharm Narain’s work: “Should Reasonable Farmers 
Respond to Price Changes?”. 

T Raj’s cross-section investigation of this question is 
of further interest because he considers the important, 
related question of how the cattle stock should be evalu- 
ated from an economic point of view. 


those crops (such as rice and wheat), where 
the element of innovative management 
and entrepreneurship is minimized be- 
cause of lack of significant substitution 
possibilities among rival crops and factors, 
and the element of uncertainty is thus re- 
duced to negligible levels: “crop-sharing 
arrangements are extensive under relative 
economic certainty and fixed contractual 
payments where the degree of uncertainty 
is high.” 

A few comments on this novel idea are 
in order. (1) Rao’s hypothesis, which 
seems consistent with the cross-sectional 
facts of the Indian situation as of any one 
period, would lead to the further refutable 
hypothesis that, as technological possibil- 
ities for application of new inputs such as 
better seeds and fertilizers are introduced, 
share cropping would give way to other 
forms of tenurial relationships. With the 
introduction of these new techniques in 
India during the last few years, such an 
empirical test should be feasible.” (2) 
Further, even if Rao’s explanation of the 
“rationality” (in the sense of its consis- 
tency with profit maximization) of share 
cropping is valid, how are we to interpret 
its effect on efficiency of the utilization of 
available resources? An alternative formu- 
lation of the rationality of share cropping, 
in the spirit of Rao’s argument, provides a 
clue to the optimality of share cropping as 
an institution. If we focus on the stability 
(or stationariness) of the agricultural tech- 
niques and acreage allocation possibilities, 
it is possible to argue that share cropping 
is consistent with optimality because the 
shares would come to approximate the 
level where factors tend to earn the value 
of their (stable, long-run) marginal pro- 
duct. Share cropping would then yield, on 
the average, the same results as capitalist 

™ Rao explicitly notes that: “Crop-sharing may cease 
to be a beneficial arrangement as modern profitable in- 
puts assume significance. The incentives for increased 
investments as well as for capturing the returns on such 


investment may lead to the preference for fixed con- 
tractual payments.” 
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methods in a situation of long-run stability 
characterized by stagnant technological 
possibilities. A possible test of this hypoth- 
esis would be to examine share cropped 
farms, over a period characterized by such 
stability, for efficiency of factor-use in the 
sense in which Hopper [70] has done for 
his village.” Clearly, in any case, Rao’s 


analysis opens up a fruitful area for further . 


empirical investigation. 


Behavior of Marketed Surplus 


Indian economic analysis has concerned 
itself with two principal questions relating 
to the marketed surplus of agricultural 
foodgrains: (1) does this surplus vary 
directly with the relative price of these 
goods or does it behave “perversely”; and 
(2) what is the share of holdings of differ- 
ent sizes in the supply of marketed food- 
grains? The former question has direct and 
obvious relevance to the issue of agricul- 
tural price and tax policy whereas the 
latter bears on the important question of 
the economic effects of land reform which 
involves regrouping of landholdings into 
different sizes, whether towards smaller 
holdings via measures such as landholdings 
ceilings or towards larger holdings via 
measures such as legislation preventing 
further fragmentation. Further, the two 
questions have, in turn, been linked in the 
analytical discussion by economists who 
argue that the price response of the small 
and large holdings with respect to mar- 
keted surplus is not similar. 

Response to Price Change: Essentially, 
the question at issue, in analyzing the re- 
sponse of marketed surplus to price 
change, relates to the elasticity of the 
Marshallian offer curve of the sector sup- 
plying the surplus. And this is indeed how 
Raj Krishna [80] and T. N. Krishnan [86] 
have explicitly formulated their analysis 

3 In this connection, it is suggestive that Hanu- 
mantha Rao’s comparison of the share cropping rental 
with the output per acre on “capitalist” farms (67, 
Table 6] shows a similar intensity of cultivation, per 
acre, on both sets of farms. 


of this question. Furthermore such a for- 
mulation of the problem directly indicates 
that positive and negative price responses 
are both “normal”: the offer curve may 
readily have a backward bending stretch 
where the elasticity of supply of the (food- 
grain) surplus with respect to price change 
is negative. 

Nonetheless, the Indian debate on this 
issue has elicited arguments, mainly by 
Khatkhate [71] and Khusro [75], which 
aim at establishing a priori the “normalcy” 
or the inevitability of a positive or a nega- 
tive elasticity. More interesting, however, 
have been the analyses, principally by 
Mathur and Ezekiel [110], which have 
attempted to explore the issue a prori 
within a framework which differentiates 
between different size—classes of holdings. 
At the same time, Raj Krishna [80]-and 
Krishnan [86] have made perhaps the only 
systematic attempts at indicating what the 
likely elasticity of the offer curve for food- 
grains might be in the Indian context. 

Khusro’s [75] analysis reaches the 
“strong” result that farmers will retain 
more and hence market less, out of given 
foodgrain production, if the market price 
is lowered. This is the consequence of his 
method of analysis which implicitly puts 
restrictions on the shape of the offer curve. 
Taking a box diagram as in Figure 1, 
where A Z is the given output of foodgrains, 
Khusro draws in PR’ as the curve showing 
diminishing marginal utility of produce 
retained for consumption and SS’ as the 
schedule representing diminishing margin- 
al utility of sales. Then, equilibrium is at 
D where the amount of marketed surplus 
is EZ. With a lower price for foodgrains, 
Khusro shifts the curve SS’ down to ss’, 
when G becomes the new equilibrium 
point and the marketed surplus has de- 
creased to FZ. This conclusion, however, is 
the result of two highly restrictive assump- 
tions: (i) separable (and hence cardinal) 
utility, explicitly noted by Khusro; and 
(ii) sufficient restrictions on the rate at 


£ 


BHAGWATI AND CHAKRAVARTY: 


Marginal Utility of 
Produce retained for 
Consumption 


m}--------------\----- 


A 


which the marginal utility of nonfood- 
grains falls vis-a-vis the price difference in 
the two situations, to ensure that the SS’ 
and ss’ curves do not intersect.” If either 
of these assumptions is relaxed, the possi- 
bility of a negative elasticity of marketed 
surplus will reemerge.” 

As with Khusro’s attempt, other econ- 
omists have attempted to argue exactly 
the opposite proposition on a priori 
grounds. Thus, for example, Khatkhate 
[71] has argued that the (small scale) 
Indian farmer will increase his marketed 
surplus when price falls “in order to main- 
tain the same level of money income.” 
Mathur and Ezekiel [110] have similarly 
argued that the subsistence farmers have 

4 Khusro [75, page 278] outlines the second condition 
ag well, though not quite fully. While he mentions that 
the rate of diminishing marginal utility of sales receipts 
should be “small,” he omits reference to the fact that 
the price change may be “large” and may outweigh the 
“smallness” of the diminishing marginal utility, result- 
ing in the interesection of the two schedules and the 
reversal of his proposition. 

™ Of course, the entire argument relates only to the 
sign of the consumption effect as price changes. If pro- 
duction were also allowed to vary in Khusro’s exercise, 
and if it was positively price elastic, then the price 
elasticity of marketed surplus could well be positive 
despite the consumption effect being positive. 
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an inelastic demand for cash and hence 
‘Sf prices rise, the sale of a smaller 
amount of foodgrains provides the neces- 
sary cash and vice versa. Thus prices and 
marketable surplus tend to move in oppo- 
site directions.” The fixed cash needs 
which these authors have in mind are debt 
obligations, rent, land revenune and a 
Ricardian-type bundle of nonagricultural 
subsistence goods. However, this argument 
seems tenuous. It implies that, at sub- 
sistence level, there is zero income elasticity 
of demand for commodities other than 
the foodgrains (produced on the farm) and 
also a zero substitution effect: neither as- 
sumption would appear to be logically or 
empirically inevitable at a “subsistence” 
level of farming and income, no matter 
how subsistence is defined.7° 

Dandekar [31], in examining the Ma- 
thur-Ezekiel thesis, has argued that a 


78 Also note that the Mathur-Ezekiel assumption of 
“fixed cash needs” is overly sufficient for deriving a nega- 
tive elasticity of marketed surplus. Further, as Now- 
shirvani [125] has noted, the negative unitary price 
elasticity for marketed surplus is implausible on dynam- 
mic stability grounds, since it would require the urban 
elasticity of food demand to exceed unity, which is an 
implausible assumption. 
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negative price elasticity of marketed sur- 
plus would characterize the farms which 
are not too close to subsistence and hence 
are large enough to supply marketed sur- 
plus and therewith earn cash income and 
which are at the same time not large and 
prosperous enough to show a “normal,” 
positive price elasticity of marketed sur- 
plus. Dandekar argues that, for this size- 
class of holdings, the negative price- 
elasticity is readily explained, not by 
reference to a “fixed cash needs” hypoth- 
esis, but “as normal consumer behavior 
in the face of changing income. When the 
price of the crop which they produce 
changes relative to other prices, the real 
income of the farmers in effect changes. 
With lower relative prices for what they 
produce, their real incomes are in effect 
lower and as consumers they are worse off. 
Under the circumstances, they behave like 
other consumers at their income level 
would do. They must consume a little less 
of everything, food and non-food alike 
even if they happen to be producers of 
food. This is what they do. They consume 
a little less of their own produce and con- 
sequently sell more of it on the market.” 
Dandekar reaches this apparently obvious 
conclusion by either ignoring the substitu- 
tion effect or by implicitly assuming that 
the income effect will dominate the out- 
come. 

Dandekar’s analysis of the elasticity of 
price response by other size—classes of 
farmers is also not persuasive. With re- 
spect to the farmers at the bottom end of 
the scale, he argues that the absence of 
marketed surplus of foodgrains and the de- 
pendence “mainly on other means such as 
sale of other crops or wages earned from 
farm and off-farm employment or even 
remittances received from family members 
working in cities” implies that the ques- 
tion of the elasticity of marketed surplus 
does not apply to them. However, this 
argument rules out the possibility of a 
marketed surplus arising in response to 


price rise, for example, via shift in resource 
allocation toward foodgrains and/or cur- 
tailment in own consumption if the sub- 
stitution effect is large. Dandekar’s further 
contention that, in many cases, the far- 
mers in this’ size-class of landholdings 
actually buy foodgrains on a net basis, is 
also inconclusive in this respect: these far- 
mers can still turn into net suppliers if the 
price change is favorable enough and the 
consumption effect has a negative sign. 
Moreover, even on an empirical level, 
Dandekar’s citation of the data for sale 
and purchase of Jawar by the small land- 
holdings in the Akola and Amraoti dis- 
tricts of Madhya Pradesh for 1955-56 is 
not conclusive. The fact that these farmers 
purchase jawar on a net basis does not 
necessarily rule out their selling other food- 
grains (such as wheat, which is also pro- 
duced and sold in these districts), so that 
the net position on overall foodgrains sup- 
ply may be different from that on the sup- 
ply of only jawar. More systematic em- 
pirical analysis of this question is clearly 
necessary. 

Similarly, it is hasty to conclude that the 
“large” holdings will necessarily have a 
positive elasticity of marketed surplus, 
thanks to a “well behaved,” negative con- 
sumption effect. It is easy enough to im- 
agine, for example, a lower price of wheat 
leading to greater supply of marketed sur- 
plus thereof as the farmer shifts to in- 
creased consumption of the inferior cereal, 
jawar. 

Despite these qualifications, it is clear 
that empirical analysis of the price re- 
sponse of marketed surplus, which differ- 
entiates between different size—classes of 
landholdings, is likely to be more insight- 
ful than an aggregative analysis.” Un- 
fortunately, however, the only serious 
attempts at empirical analysis of the 


7 Since foodgrains also represent a complex of differ- 
ent cereals, the analysis would have to contend also 
with (1) their price substitution in production and con- 
sumption; and (2) the possibility that some of them may 
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problem in India have been at an aggrega- 
tive level. 

Using Rural Credit Survey data on 
the market surplus of foodgrains, Krish- 
nan [86] has estimated the constant 
elasticity demand function: r0=AP-« 
(OP)! where 0 is the total output of food- 
grains in the short-run, P is the price of 
foodgrains, OP is the income of the farmers 
and r is the proportion of output consumed 
by the farmers themselves. He estimates 
the elasticity of marketed surplus to be 
— 0.3030 for the period 1959-60 to 1962- 
63. Note, however, that if the price elastic- 
ity of production response, which has been 
estimated to be positive in other studies 
surveyed elsewhere by us, were to be ad- 
mitted into this exercise, and the assump- 
tion of a constant output thus relaxed, the 
price elasticity of marketed surplus could 
well become positive. 

Raj Krishna [80], in fact, has experi- 
mented with different ranges of price 
elasticities of output and consumption to 
establish that, in the Indian context, the 
price elasticity of marketed surplus of a 
single subsistence crop (as distinct from 
Krishnan’s estimate for all foodgrains) is 
indeed likely to be positive. Starting with 
the simple identity: 


(33) — = — ~— — 


where M is the marketed surplus, Q is pro- 
duction, C is self-consumption and P is the 
price, Raj Krishna further decomposes the 
consumption term into income and sub- 
stitution effects and then proceeds to put 
hypothetical ranges of values on each of 
the parameters in the derived expression 
for the elasticity of marketed surplus.”® 





be inferior goods in consumption. In consequence, a 
sharp distinction would also have to be drawn between 
the price elasticity of the marketed surplus of a single 
foodgrain and more. 

78 These values are not entirely hypothetical but are 
derived by him from several studies, including his own 
study of the production response to price change in the 
Panjab [81]. 


Unfortunately, however, his decomposi- 
tion of the consumption term omits the 
income effect which follows from the. 
change in the value of the initial consump- 
tion as price changes. Nowshirvani [124], 
who spotted this error, has reworked Raj 
Krishna’s analysis and, on using the same 
empirical ranges of values for the para- 
meters relating to production and con- 
sumption response, finds that it is not 
possible to rule out negativity in the price 
elasticity of the marketed supply of food- 
grains in the Indian context.”® 
Distribution of Marketed Surplus by 
Size-Classes of Landholdings: Indian anal- 
ysis has also extended to the question of 
the shares of different size—classes of hold- 
ings in the marketed surplus of foodgrains 
and agricultural produce in general. Un- 
like with the question of the price elasti- 
city of marketed surplus, however, this 
problem has attracted mainly empirical 
analysis. Among the contributions to this 
area of research, Mathur’s [107] findings 
on the marketed output of jawar in Akola 
and Amraoti for 1955-56 and Dharm 
Narain’s [120] patient compilation and 
processing of the relevant information for 
the marketed surplus of agricultural pro- 
duce for India in 1950-51 are of interest. 
Raj Krishna’s [82] attempt at cross- 
section analysis of the marketed surplus, 
by size of farm output, for rice and wheat 
for selected markets has also attracted 
considerable controversy in this context. 
While these studies agree on the pro- 
position that the supply of marketed sur- 
plus is not a characteristic of only the 
“large” landholdings, they differ on several 
other points of substance. While Dharm 
Narain finds, for example, that even 
landholdings in the size~—class 0-5 acres 
contribute as much as 20.7% of the value 
of their output as marketed surplus (Table 
1), Mathur’s study shows that the sale of 


7 We may emphasize however that the negativity of 
price elasticity does not imply the unitary elasticity 
assumption of Mathur and Ezekiel. 
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TABLE 1—DisteipuTion OF MARKETED SURPLUS BY 
Sizze-Grovurs or Hotpine 











I T 
Size of Marketed (1) as 5 ee Marketed (4) as ef p 
holding Suplus  %of Total | Supls  %of Total 
8, lue of (RS. value of 
(acres) R va Marketed Marketed 
crores) output Surplus crores) output Surplus 
() (2) (3) (4) (5) (6) 
0-5 266.7 20.7 24.9 564.0 33.6 26.0 
5-10 175.8 14.1 16.4 444.8 27.4 20.5 
10-15 54.7 9.7 5.1 170.1 23.1 7.9 
15-20 80.1 18.2 7.5 172.8 30.1 8.0 
20-25 54.0 20.4 5.0 111.0 32.2 5.1 
25-30 65.4 28.8 6.1 116.8 39.7 5.4 
30-40 80.5 29.9 7.5 139.6 39.8 6.4 
40-50 67.8 38.0 6.3 107.8 46.4 5.0 
50 and 
above 228.0 44.8 21 339.9 51.4 15.7 
Total 1073.0 21.5 2166.8 33.4 


Source: Dharm Narain [120, 35]. 


jawar by landholdings in the size-class 
0-5 acres is practically nil. While this 
discrepancy in the results may arise from 
differences in the concept of the marketed 
surplus and also in the period and area 
covered, it arises undoubtedly also from 
the fact that Mathur’s findings refer to a 
single crop, jawar, whereas Dharm Narain 
refers to agricultural produce in general. 
As Dandekar [31] has noted, the All-India 
Rural Credit Survey has shown that this 
size-class of farmers are typically net pur- 
chasers of foodgrains, while earning cash 
income by “sale of other crops or wages 
earned from farm and off-farm employ- 
ment or even remittances received from 
family members working in cities.’’®° 

Another difference of considerably great- 
er policy relevance relates to Dharm 
Narain’s finding that the proportion of 
output marketed falls until the size—class 
10-15 acres is reached and rises rapidly 
thereafter. An important consequence of 


% Ttalics have been inserted by us. 


this finding, if statistically valid despite 
the numerous “adjustments” that have 
gone into its derivation, would be that 
land ceilings resulting in breakup of the 
larger holdings could increase, rather than 
diminish, the marketed surplus of agri- 
cultural produce—ignoring, of course, the 
derivative effect of any resulting shifts in 
production itself.® Since in Dharm Na- 
rain’s findings, the distribution of mar- 
keted surplus by size of holdings is 
bi-modal, this would imply that the effect 
of redistribution and changes in the num- 
ber of landholdings on the proportion of 
marketed surplus would be ambiguous in 
general, On the other hand, Raj Krishna’s 


" We deal with this question separately, when we 
analyze the response of production to shifts in param- 
eters such as prices and size-class of the landholdings, 
We may also note here that a satisfactory investigation 
of the question of the effect of land ceilings and a con- 
sequent break up of larger into smaller farms requires 
a general equilibrium analysis, even within a compara- 
tive static framework, which would also take into ac- 
count resulting shifts in the labor force, consumption 
patterns and relative prices between agricultural and 
nonagricultural commodities, 
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[82] analysis of market arrivals of rice and 
wheat for certain markets, by size—classes 
of farm output, reaches the conflicting con- 
clusion that, except for the “very poor, and 
the very rich” areas, the marketable sur- 
plus (M) is linearly related to the level of 
garm output (Q) by the relation: M= 
a+bQ (where the estimated ‘a’ involves a 
negative intercept). This conclusion natu- 
rally implies that shifting output between 
farms of different size~classes will not affect 
the volume of the marketed surplus if the 
number of landholdings is not changed; 
however, if the number is increased via 
land ceilings, for example, the marketed 
surplus would necessarily diminish (since 
‘a’<O). 

Raj Krishna’s startling finding, how- 
ever, may be largely due to the fact that, 
as he had himself noted and Hanumantha 
Rao [65] has emphasized, he is dealing 
with a single crop and not with the overall 
marketing of agricultural produce by 
different farms. Indeed, it would appear 
that his data must come from farms which 
produce more than a single crop, or al- 
ternatively have income from different 
sources. As Majumdar [97] has pointed 
out, Raj Krishna’s results imply that the 
output elasticity of consumption on the 
farm increases as output, and hence farm 
income, increases: a proposition which cer- 
tainly is empirically untenable for India at 
all farm income levels. Thus, it is only if 
these samples farms have income from 
other sources that increment in output of 
the foodgrain crop (rice or wheat) would 
not imply increment in overall farm income 
and hence would make Raj Krishna’s re- 
sults appear tenable. 

But if then Raj Krishna’s results for a 
single crop are to be considered to have 

3 (M /Q)Eug= 1-(C/Q) Eco, where Ese and Ec are 
the output elasticities of marketed produce and of con- 
sumption respectively and C is the consumption. Thus 
if Eug decreases with output, as a Jinear relation be- 


tween M and Q (M =a-+bQ) with a negative intercept 
‘@ would imply, then Æ cg must rise with output [97]. 


come from diversified farms, it is not sur- 
prising that they are not consistent with 
Dharm Narain’s results which relate to the 
entire agricultural produce from all land- 
holdings by size—classes. If we were to 
assume that Raj Krishna’s statistical re- 
sults have validity over a wider range of 
foodgrains and area within the country, 
despite his careful caveat that they apply 
only to his extremely limited sample, there 
would clearly be important economic im- 
plications: for, from certain economic 
points of view, the supply of the marketed 
surplus of direct wage-goods such as food- 
grains may be crucial but the supply of the 
surplus of overall agricultural produce may 
not be. 

Apropos of this distinction between 
foodgrains and agricultural produce, we 
may also note that the precise definition of 
the marketed surplus is also relevant and 
would have to be adapted to the policy 
problem being considered. Thus, for ex- 
ample, Dharm Narain carefully states 
that his definition relates to the quantities 
that the cultivating families directly mar- 
ket. Thus, insofar as these families may 
themselves buy agricultural produce from 
the market or make payment of rent or 
wages in kind which, in turn, seeps into the 
market, the measured surplus will differ 
from the surplus that becomes available 
for nonfarm use. An important conse- 
quence is that, insofar as we are interested 
in the availability of agricultural produce 
for nonfarm consumption, Dharm Narain’s 
definition will understate the marketed 
surplus ensuing from the larger farms 
which make wage payments in kind and 
whose purchase of agricultural produce is 
likely to be proportionately lower in rela- 
tion to their output. 

We may also remark that the Indian 
discussion of the marketed surplus, while 
it has taken different size-classes of hold- 
ings into account as a relevant variable, 
has not considered the possibility that al- 
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ternative forms of land tenure may also 
affect the overall level of the marketed 
surplus and its price elasticity. This may 
be via the efficiency and/or the price re- 
sponse of production varying under alter- 
native forms of tenure (such as share crop- 
ping and peasant proprietorship). It could 
also result from differences in consumption 
patterns, for any given level of farm out- 
put, that may arise from differences in the 
distribution of the farm income among 
rents, wages and imputed self~incomes 
under alternative tenure systems, Where 
the tenure systems, in turn, overlap with 
size—classes (as, for example, when “small” 
farms are characterized by peasant pro- 
prietorship and the ‘large’ farms by 
tenancy), the causal explanations may 
also overlap. 


Behavior of Production 


In contrast to the analysis of the mar- 
keted surplus problem, the Indian analysis 
of agricultural production has been em- 
pirically more systematic and analy- 
tically more interesting. As with marketed 
surplus, two of the major problems an- 
alyzed have been (1) the elasticity of price 
response and (2) the relationship of farm 
size to productivity. At the same time, 
however, the efficiency of production and 
investment has been discussed in the con- 
text of alternative tenure systems such as 
share cropping and of agrarian organiza- 
tions such as cooperative farming. 

(A) Price Elasticity of Production: There 
is an important, empirical distinction be- 
tween the elasticity of price response of 
total agricultural production and of single 
crops or subgroups thereof. Furthermore, 
the elasticity of response to change in the 
relative price of outputs needs to be dis- 
tinguished from the elasticity of response 
to change in the relative price of inputs to 
output. Each of these behavioral relation- 
ships has a bearing upon the Indian policy 
discussion, although it is only recently that 


careful distinction among these alternative 
concepts has begun to emerge in the 
policy debates. 

Furthermore, practically the bulk of the 
systematic, empirical literature in this 
area has been confined to the estimation of 
production, or rather acreage, response of 
specific crops to changes in the relative 
price of outputs. Recently however Minhas 
and Srinivasan [115] have investigated the 
interesting question of farmers’ potential 
response to fertilizer availability at speci- 
fied prices, using .crop-cutting experi- 
mental data on fertilizer productivity and 
assuming profit maximization; their work 
is thus aimed at predicting product re- 


' sponse to alternative fertilizer prices but 


does not estimate it from observed data.® 
We should however note that the fertilizer 
response functions used by Minhas and 
Srinivasan cannot be necessarily general- 
ized to Indian agriculture as a whole since 
they were obtained from experimentation 
done by the Indian Council of Agricultural 
Research and there is no reason to treat 
these as “typical” response functions. 
Hence the accuracy of predictions based 
on the Minhas-Srinivasan exercise is 
likely to be limited, despite its value in 
providing a systematic analytical frame- 
work for doing so. 

Among the empirical examinations of 
the responsiveness of production to change 
in relative output price are: Raj Krishna’s 
[81] estimation of acreage response func- 
tions for several crops in the Panjab for 
the pre-Partition period; Dharm Narain’s 
[12i] analysis, stopping short of econo- 
metric estimation, of shift in acreage under 
different crops in response to price change 
during 1900-39; and Venkataramanan’s 
[173] estimation of jute areas elasticity, 
with respect to the relative price of jute 
with rice for 1911-1938. Among the other 


8 Minhas and Srinivasan also investigate the effect of 
share cropping on fertilizer absorption. We turn to this 
question later in the present section. 
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attempts in this direction, we should also 
note: Rath and Patwardhan’s [144] esti- 
mation of acreage response functions for 
wheat for 1950-51 to 1961-62, in connec- 
tion with their analysis of the impact of 
P.L. 480 imports on the domestic produc- 
tion of wheat; and Jai Krishna and Rao’s 
[79] estimation of alternative acreage allo- 
cation functions for wheat in Uttar 
Pradesh for 1950-51 to 1962-63. 

Other contributions of interest in this 
area, which depart from the focus on 
acreage response to price change, are (1) by 
Mann [98] who has estimated the price 
elasticity of supply (as distinct from acre- 
age) of cereals (as distinct from a single 
crop) at 0.275 during 1952-63 in the 
framework of a simultaneous equations 
model designed to study the impact of 
P.L. 480 imports of wheat on domestic 
foodgrains production; and (2) by Hanu- 
mantha Rao [64] who has analysed the 
Farm Management Studies data on crop 
patterns in the States of Madhya Pradesh, 
West Bengal, Madras, Uttar Pradesh, 
Panjab and Bombay to find correspon- 
dence between the relative profitabilities 
of crops (defined in terms of income per 
acre) and their relative shares in the gross 
cropped area:* an empirical relationship 
that is compatible with, but does not 
necessarily follow from, the assumption 
that farmers respond to profit incentives.® 

Quite apart from the differences in the 
period, area and crops examined, the 
acreage response studies by Raj Krishna, 
Dharm Narain and others vary in (i) their 
methods of estimation, (ii) the specifica- 
tion of the relevant price of the crop, and 
(iii) the selection of the relevant, relative 


4 Rao’s analysis also differentiates between land- 
holdings by size—class of holdings. 

5 Thus, consistent with profit maximization, it is 
easy to imagine production functions for rival crops 
which imply that, in equilibrium at any stated com- 
modity price vector, the shares of these crops in total 
acreage are inversely (rather than positively) related to 
income per acre. 


price. On the method of estimation, for 
example, Raj Krishna as also Jai Krishna 
and Rao have used Nerlove-type ‘‘adjust- 
ment” models which permit separate com- 
putation of the short-run and long-run 
elasticities of response. The other contrib- 
utors, on the other hand, have used simple, 
lagged regressions of acreage upon price. 
As for the specification of the relevant 
(absolute) price of the crop, different pos- 
sibilities have been experimented with Jai 
Krishna and Rao who have tried several 
alternative prices—preceding year’s post- 
harvest mean and modal prices, three 
month pre-sowing prices and average of 
three month pre-sowing and lagged three 
month post-harvest prices—find, for ex- 
ample, that their best results are with the 
three year averages of the pre-sowing 
price of wheat and consider this to be more 
appropriate in forming the farmers’ price 
expectation than the post-harvest prices 
(used by Raj Krishna and by Rath and 
Patvardhan) or annual average prices. 
However, in choosing the most appro- 
priate relative price deflator, the general 
practice has been to take weighted aver- 
ages of relevant “substitute” crops. The 
majority of the analyses further dis- 
tinguish between irrigated and unirrigated 
acreage, as the substitution possibilities 
are different for them. Further, many of 
them introduce overall crop acreage, rain- 
fall and relative yields of the different 
rival crops as additional explanatory vari- 
ables. 

Among the principal conclusions to 
emerge from these studies is that Indian 
farmers vary their acreage under most 
crops when relative prices change. But can 
we really claim, with Dharm Narain, that 
the response is more obvious, and elastic, 
for pure cash crops than for cereals? The 
evidence on this issue does not appear to 
be at all clear. The elasticities of response 
are certainly large on some of the pure 


cash crops such as cotton, though not as 
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large on others such as jute and sugar cane. 
Further, on cereals such as rice and wheat, 
the elasticities estimated by these authors 
seem to diverge. f . 

Raj Krishna’s estimates, for example, 
are at 0.08 and 0.14 for irrigated acreage 
for wheat, for short-run and long-run 
periods respectively. In this result, he is 
supported by Dharm Narain’s finding 
that, in the four major areas producing 
wheat in India during 1900-1939, no 
significant relationship could be discovered 
between acreage under wheat and its rela- 
tive price. The work of Jai Krishna and 
Rao, for the more recent period 1950-51 
to 1962-63 for Uttar Pradesh, however, 
has produced long-run elasticities for 
wheat acreage which range up to 0.72. 
Similarly, for rice, in Panjab, Raj Krish- 
na’s estimates of the short-run and long- 
run elasticities are 0.31 and 0.59 respec- 
tively, indicating again a fair degree of re- 
sponse, whereas Dharm Narain fails to 
discover significant price—induced shifts in 
rice acreage for Bengal, Bihar, Madras 
and Orissa. 

The divergent estimates for cereals seem 
to imply that empirically there is no reason 
to believe that the acreage response for 
movements into and out of cereals will be 
any less than that for the pure cash crops. 
Nor, indeed, does there seem to be any 
theoretical reason for such an asymmetry. 
Indeed, the technological constraints on 
shiftability of land seem to be the relevant 
factors in determining the magnitude of 
the acreage response to price change quite 
irrespective of the classification of the pro- 


* Since Dharm Narain has not undertaken statistical 
estimation, and his analysis proceeds on the basis of 
graphical methods, comparison of his work with the 
econometric results of other authors can only be tenu- 
ous. Further, phrases such as “significant relationship” 
must be construed in a nonstatistical sense when we are 
teferring to Dharm Narain’s work. For pertinent criti- 
cism of Dharm Narain’s omission of statistical tech- 
niques, and the dangers of having failed to avoid false 
conclusions thanks to the presence of serial correlation 
and an inability to face up to the identification prob- 
lem, see Lipton’s [91] interesting review. 


duced crops as cereals or pure cash crops. 
Thus, for example, Dharm Narain did find 
that for the Aus rice in Bengal, which di- 
rectly competes with jute for acreage, 
acreage was indeed responsive to relative 
price change; and Venkataramanan has . 
estimated the elasticity of jute acreage at 
0.46. 

We may further observe that if our pri- 
mary interest is in the elasticity of supply 
or production response, the acreage re- 
sponse is only an incomplete guide to the 
total picture. The elasticity of supply re- 
sponse is the sum of the elasticity of 
acreage and productivity—per—acre re- 
sponses to price change. Thus the elasticity 
of supply response is certain to be under- 
stated by the acreage elasticity for those 
crops which have no “substitute” crops 
landwise but where production can be 
increased via application of more inputs. 
Moreover, even if we were to consider a 
completely neoclassical model with factors 
(including Jand) freely adaptable to al- 
ternative crop production, a shift to a 
more profitable crop will generally raise 
its land productivity if it is intensive in the 
use of nonland factors and these factors are 
not in perfectly elastic supply to all crops 
taken together. 

(B) Production and Size-Class of Hold- 
ings: The focus on production response to 
prices in the Indian literature has been 
nearly matched by the economic analysis 
which has resulted from the finding of the 
Farm Management Studies (for Uttar 
Pradesh, Madras, West Bengal, Bombay, 
Panjab, Madhya Pradesh and Andhra, 
during mid-1950’s) that an inverse rela- 
tionship obtains between farm size and 
productivity per acrea. This relationship, 
which has an obvious bearing upon the 
policy issues pertaining to land ceilings*? 


We may also refer to a rather different type of 
analytical treatment of the question of land ceilings by 
Khusro [76] who has ingeniously attempted to examine 
the efficacy of such a measure in terms of the theory of 
rationing. 
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and land grouping under cooperative 
farming and other forms of agrarian organ- 
ization, has led to attempted explanations 
by Khusro [74], Mazumdar [111] and 
Sen [157] and further empirical work by 


Hanumantha Rao [66] and A.P. Rao 


[142], among others. 

We may note at the outset that much of 
the important statistical evidence that is 
available points rather strongly towards 
the existence of an inverse relationship 
between farm size and productivity. The 
Farm Management Studies indeed yield 
this relationship, whether grouped by size- 


Ce or taken on an individual farm 


basis as Hanumantha Rao [66] has done 
\for. Bombay. Independent survey for 
\Aadhra by Rao has also yielded similar 
esults.® 
Assuming that the results of the Farm 
Management Studies are statistically valid, 
what are the possible explanations? For, 
the implications for policy would gen- 
etally vary with the explanation accepted. 
Whether higher productivity per acre also 
goes with greater economic efficiency of the 
smaller farms will depend critically on the 
explanation of the phenomenon of higher 
productivity. 
(1) The explanation offered by Sen 
[157] of an inverse relationship is based on 


On the other hand, we should note here that a few 
village studies, i in depth, seem to throw up results which 
are at variance with these. Thus A. P. Rao’s [142] study 
of data for six villages in Uttar Pradesh and Panjab 
shows for example that, if adjustment is made for the 
fallow lands and the availability of irrigation, output 
per acre tends to be constant by size-class of holdings. 
Further! C H. Shah’s [161] study of the small farmers in 
Kodinar| Taluka for 1952-53 shows that, for the princi- 
pal crops: “yields per acre for the small farmers were, 
in the year under survey, 12.3 per cent lower compared 
to that of big farmers. Compared to that of medium 
farmers they were 7.2 per cent lower. In other words, 
landsin p ion of small farmers were less intensively 
utilized to, that extent.” Shah does not explicitly state 
that this r, 
fore it is not cerlain, although quite plausible in view of 
these crops covering nearly 75 per cent of the cropped 
area on farms i in each category, that his results are con- 
trary to the findings of the Farm Management Studies. 


king would hold for aH output and there- . 


the argument that the smaller farms are 
characterized by peasant family cultiva- 
tion and the larger farms by capitalist 
cultivation. Cultivation is thus carried on 
the small farms right up to the point where 
the marginal product is zero (or at least 
below the ruling market wage) and stops 
on the capitalist farms at the point where 
the marginal product equals the market 
wage. Hence the small farms have higher 
productivity per acre and are more ef- 
cient in the economic sense.** 

This argument, however, raises concep- 
tual difficulties and is also empirically un- 
tenable. If the two agrarian systems co- 
exist, one may ask whether the opportu- 
nity cost of peasant family labor is not the 
wage that the market offers for employ- 
ment by atomistic capitalist farmers. 
Thus, if the family is taking a decision on 
overall income derived from input of work- 
hours by the family as such, then will not 
the opportunity cost of work on doth types 
of farms be equalized and the inverse re- 
lationship therefore not explained? The 
inverse relationship therefore will hold 
only insofar as we explicitly postulate that 
the peasant family labor cannot neces- 
sarily find alternative employment at the 
given wage, which is not further flexible 
downwards, on the capitalist farms and 
that the probability attached therefore to 
finding such an alternative employment is 
less than unity thus making its opportu- 
nity cost less than the wage on the capital- 
ist farms. Mere coexistence of the two 
agrarian systems is not sufficient therefore 
for the explanation of the inverse relation- 
ship. 

Furthermore, Sen’s argument runs into 
empirical difficulties on two grounds. 
Several studies show that the small farms, 
not far from the bottom of the scale, 


%° The asymmetrical nature of these two agrarian 
systems, with respect to effects on the efficiency of pro- 
duction, is well known in the trade theoretic literature 
on domestic distortions and was earlier noted by Bhag- 
wati [8], among others. 
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themselves hire labor at the margin® and 
even derive income from employment of 
family members in other occupations,” so 
that the opportunity cost of labor on the 
small farm is likely to be very real and 
cannot be dismissed. Moreover, Hanu- 
mantha Rao’s work shows that the inverse 
relationship holds even when the larger 
(presumably capitalist) farms are ranked, 
so that Sen’s suggested explanation is at 
best incomplete. 

(2) Khusro [74] has noted, in particular, 
that the decline in productivity per acre is 
reduced significantly when the acreage is 
“standardized” on the basis of land reve- 
nue ratings (which are presumably related 
principally to soil fertility). Thus, one of 
the major explanations advanced for the 
inverse relationship is that the fertility of 
the soil is lower on the larger farms. 

This argument, if accepted, raises the 
question whether this fertility difference is 
exogenous or manmade and hence, in turn, 
to be explained by the fact that the small 
farms are more efficient economically. If 
the fertility factor is exogenous, it could be 
explained by the hypothesis that the 
larger farms are put together by purchase 
of land undergoing “distress sale” and that 
the poorer lands are sold and the better 
lands retained: thus making the larger 
farms less fertile on the average than the 
smaller farms. Further, if the large farms 
contain an element of conspicuous con- 
sumption, the possession of land itself 
(regardless of quality within a range) con- 
ferring status and psychic satisfaction on 
these large landowners, then it could also 
be economically profitable for them to 
purchase lower quality land from the mar- 
ket. An implausible hypothesis is that his- 
torically the fertile, large farms may have 
broken down into smaller farms owing to a 


% This is shown by the Farm Management Studies. 
See Hanumantha Rao [66] and Khusro [74]. 

© This is shown by the All-India Rural Credit Sur- 
veys. For details, see Dandekar [31]. 


more rapid population growth. Sen, who 
has put forth this last hypothesis, how- 
ever, forgets that this argument conceals 
an important indeterminacy which arises 
from the fact that the size of the family 
itself may vary by farms owing to migra- 
tion or other endogenous factors and, if so, 
the equilibrium pattern of fertility by 
size-classes may not be characterized by 
an inverse relationship between farm size 
and productivity. 

(3) Two other explanations related to 
the hypothesis of “distress sales” of land 
resulting in the buildup of larger farms, 
can be advanced. On the one hand, the 
enlargement of farms by acquisition of 
plots of land from such sales could well 
lead to the larger landholdings being char- 
acterized by fragmentation of the culti- 
vated area and its being scattered over 
large distances, thus adversely affecting 
average productivity per acre and lower- 
ing that of the larger farms.” On the other 
hand, the possibility that the smaller 
farms are in distress could lead to their 
being more efficient in their use of re- 
sources, especially labor and management 
(the alternative being ruination) whereas, 
as Hanumantha Rao [63] has suggested, 
the larger farms are less efficient from the 
viewpoint of production, as they trade off 
marginal profitability against leisure. 

(4) Another hypothesis, put forth by 
Khusro, is that “If there are tenurial dis- 
incentives resulting in lower input and out- 
put per acre among the tenanted holdings 
and if the proportion of area leased in in- 
creases with size, then the decline in out- 
put per acre with size could be partly ex- 
plained by the operation-of tenurial is- 
incentives” [66]. However, as Hanumad- 
tha Rao notes, the evidence on this issue 
is conflicting: while Khusro has found 
evidence in support of this hypothesis to 


2 This hypothesis could be readily tested through 
village studies designed to estimate the fragmentation 
of the farms by size-clags of landholdings. 
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the extent that the proportion of land 
taken on lease rises as the farm size in- 
creases, the findings are just the opposite 
in the Farm Management Studies. 

(5) A possible explanation, similar in 
spirit to the tenancy explanation of 
Khusro’s, is that the larger farms are char- 
acterized by absentee landlordship, which 
results in reduced efficiency through in- 
adequate exercise of managerial and entre- 
preneurial functions. While this explana- 
tion will not explain the findings of the 
Farm Management Studies, which relate 
to owner-cultivators in residence, it may 
well explain the inverse relationship in 
other samples. 

Since many of the new hypotheses that 
we have suggested have not yet been 
tested whereas none of the traditional 
explanations we have surveyed appear to 
fit entirely any of the empirical data 
(wherever tests have been attempted), it is 
difficult not to be sceptical about the pre- 
cise policy implications of this area of 
analysis. At an a priori level, however, 
we may reiterate that the question is of 
considerable relevance to the problem of 
the optimal agrarian structure. In this con- 
text, we may note that Dandekar [30] has 
drawn upon Georgescu-Roegen’s earlier 
work [57] to argue that, for India where 
there is (according to him) overpopulation 
in the sense that the shadow rental of labor 
falls below the subsistence (and hence the 
market) wage, the capitalist form of wage- 
labor organization will lead to inefficient 
aggregate output and the peasant family 
system implied by individual peasant pro- 
prietorship would be superior. Ideally, this 
argument would lead to an agrarian struc- 
ture based on peasant families owning 


ig Further, we should emphasize that the ranking by 





private and social profitability of the farms by size- 
classes may diverge from their ranking by acreage pro- 
ductivity. Also the static efficiency of the smaller farms, 
if demonstrated, may be consistent with their dynamic 
inefficiency from the viewpoint of savings, investment 
and innovation. 


land in the same ratio as the overall 
family—land ratio. Such a view however 
rules out possible indivisibilities, relating 
to inputs, which may make cooperation 
desirable.” Further, as a policy prescrip- 
tion, it is inadequate as it does not take 
into consideration the economic problems 
of the transition from one system to the 
other. We may further observe that, while 
such an agrarian structure can be demon- 
strated to be statically efficient, its effect 
on long-run growth may be deleterious if 
induced savings are adversely affected and 
there are political limits to the govern- 
mental ability to tax (as there certainly is 
in India, especially with respect to the 
agricultural sector). This may happen via 
savings in agriculture being directly af- 
fected through shift in the internal dis- 
tribution of income within agriculture or 
via income distributional changes between 
agriculture and other sectors as the terms 
of trade between them change in response 
to the primary improvement in agricul- 
tural output and the possible change in the 
consumption pattern that may be asso- 
ciated with the changed distribution of 
income within agriculture under the new 
agrarian structure." 

(C) Tenancy, Share Cropping and 
Efficiency of Production: We have already 
seen how the literature on farm size and 
productivity has led Indian economists to 
focus on the relative efficiency of alterna- 


# Dandekar notes, however, that if the cooperative 
societies act in a capitalistic manner, they will make the 
system revert to the inefficiency of the capitalist, agrar- 
ian system, 

% Again, therefore, if we are interested in the related 
question of what would happen to agricultural output 
when we have a shift in agrarian structure, we should 
ideally consider the problem in a general equilibrium 
framework (even if we are considering comparative 
static analysis). Thus, for example, a primary improve- 
ment in agricultural output due to agricultural effi- 
ciency could be overcompensated by the secondary re- 
duction in output brought about by an agricultural 
price reduction induced by a consumption shift away 
from agriculture, thus leaving us with a net reduction 
of agricultural output in the new equilibrium. 
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tive forms of owner-—cultivation: the peas- 
ant family system and the capitalist em- 
ployment—for—-wage system. Indian analy- 
sis of agrarian organization has also been 
addressed, however, to the question of the 
effects of tenancy, including certain im- 
portant forms of it such as share cropping, 
on the efficiency of production.” 

In fact, tenancy legislation has been 
extensively enacted in different States in 
India, reflecting and in turn stimulating 
the literature that we presently survey. 
Indeed, as Dandekar [29] has noted, the 
Indian planners have increasingly shifted 
their policy proposals away from the First 
Plan emphasis on restructuring of land 
holdings into efficient sized units backed 
by cooperative organization where scale 
effects make it desirable (with tenurial, 
land reform undertaken largely as a tran- 
sitional means towards this reform of the 
agrarian structure), towards the Third 
Plan’s exclusive attention to tenurial re- 
form, inclusive of tenancy legislation. 

The Indian analytical literature on 
tenancy has considered, among others, two 
principal questions of some interest: (i) 
where the tenant is subject to insecurity of 
tenure as a result of the threat of possible 
eviction, does the grant of permanence of 
tenure by legislation improve efficiency via 
investment in capital inputs; and (ii) are 
certain forms of tenancy, particularly 
share cropping, suboptimal from the view- 
point of efficient factor use? 

Among the empirical studies aimed at 
examining whether the legislative grant of 
security of tenure to the tenants, where 
effectively implemented, improves the 


% There is also a considerable amount of literature on 
the problems of (1) rural indebtedness and (2) land 
revenue administration, which we have not considered 
in this survey. Land reform discussion in India has 
embraced both these problems. For a reference to the 
major studies of the latter problem, in the light of the 
legislation enacted by different States such as Andhra 
Pradesh and Gujarat to abolish these intermediaries, 
Dandekar’s [28] critical survey is an excellent source. 


efficiency of factor use via investments 
which would otherwise not be undertaken 
by the tenant, Khusro’s [72] investigation 
of such land reform in Hyderabad during 
the period 1948-49 to 1953-54 is note- 
worthy.” He hypothesizes, among other 
effects, that the land reform legislation 
would lead to a narrowing of the gap in the 
productivity per acre between the owner- 
cultivator and the tenancy groups of land- 
holdings, presumably as the latter group 
improved its efficiency via increased in- 
vestments induced by the tenancy reform. 
Khusro indeed observes that such a nar- 
rowing of the gap had occurred by 1953- 


. 54, However, the real test is whether the 


tenancy group had improved its produc- 
tivity and it turns out that, as Dandekar 
[28] has noticed, the narrowing of the gap 
has occurred through a decline in the pro- 
ductivity of the owner-cultivator farmers 
instead. Insofar as the latter phenomenon 
is due to factors applicable only to the 
owner-—cultivator group (as would be the 
case, for example, if other provisions re- 
lating to the tenancy legislation may have 
depressed the incentive to invest by this 
group of farmers),®® then the observed 
narrowing of the gap would not support 
the hypothesis being tested. Furthermore 
Dandekar has pointed to the wide varia- 
tions in the acreage productivity of the 
two groups through the period, thus mak- 


5? Dandekar [28] has critically surveyed Khusro’s 
study and three other similar studies, sponsored by the 
Research Programmes Committee of the Indian Plan- 
ning Commission, to investigate the working of land 
reform legislation. 

3 Khusro [72, pp. 61-163] himself offers a different 
type of reason, also specific to the owner—cultivator 
group, which is of some interest: “It is well known... 
that land reforms had led to a good deal of resumption 
of land by owners partly because they wanted to culti- 
vate the extra land and largely owing to expectations 
and psychological attitudes which this reform had led 
to. If the land so resumed had in fact been resumed with 
the intention of cultivation with at least the same stan- 
dards as already existed in owner-cultivated tracts, the 
productivity of the owner-cultivators would have re- 
mained at least constant.... On the contrary it is 
resumed for institutional and legal reagons to safeguard 


we 
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ing it unreliable to base any conclusions on 
a two-year comparison. On the other hand, 
we should note that Khusro’s alternative 
hypothesis that the increased security of 
tenure would lead to a shift in the composi- 
tion of the tenant—cultivators’ investments 
towards investments maturing over a 
longer period seems to be consistent with 
the developments over the period.” 
Khusro’s study and other similar inves- 
tigations are thus indicative but not en- 
tirely decisive in providing evidence con- 
sistent with the hypothesis relating effi- 
ciency on the tenant~farm to security of 
tenure and further empirical work seems 
called for in this area. Furthermore, we 
may note that the theoretical basis for this 
hypothesis, plausible as it seems, may be 
weak insofar as it is possible to argue at a 





purely a priori level that the implicit 
assumption that the cash lease tenant 
must finance the investments while the 
| landlord may evict him from the lands on 
which he has carried out improvements 
may be partially or entirely invalidated by 
either (1) institutional arrangements for 
{compensation to the tenant for these im- 
provements, or (2) financing of these im- 
provements by the landlord himself, with 
the return to the tenant’s inputs being 
determined by the marginal productivity 
thereof. This could happen as the net 
payoff ensuing from such arrangements 
ought to induce their acceptance; and the 
probability of such acceptance may be 


t 
| 
| 





against future encroachments by tenants. Thus the re- 
sumer has no intention of making any investment on the 
land immediately or growing crops on it with the same 
efficiency with which he has been cultivating his other 
tracts. The result is to push up owner-cultivated acre- 


age without simultaneously pushing up the production’ 


of this class.” However, Dandekar has shown that this 
argument is not supported by Khusro’s data, which 
register no significant change in the acreage cultivated 
by the owner—cultivators. 

This may also account partly for the fact that while 

investment per acre does show a perceptible increase 
on|the tenant-cultivated farms, their productivity per 
acre remained stagnant over the short period of the 
opération of the land reform. 


high as there would be only two, readily 
identifiable negotiating parties involved. 
Whether in fact such arrangements tend to 
exist in practice and, if so, whether they 
are extensive is of course an empirical 
matter on which systematic evidence does 
not appear to have been collected over a 
long period and covering much of the 
country. 

A similar theoretical objection applies to 
the traditional view that share cropping is 
an inefficient tenurial system, even when 
the tenancy is fully secure. We have al- 
ready noted Hanumantha Rao’s [67] in- 
genious defense of the “rationality” of 
share cropping when the technological 
possibilities of factor and product substi- 
tution are insignificant; and we have al- 
ready seen how a recasting of such an ex- 
planation can reconcile the share cropping 
system with optimality of factor use. 
However, even if we were to revert to the 
traditional frame of analysis, we should 
not rule out the possibility of suitable ar- 
rangements being worked out by the 
negotiating parties if there is a net pay off 
to an otherwise blocked act of investment. 

At an empirical level, in any case, no 
systematic attempts appear to have been 
undertaken so far in India to test for the 
alleged inefficiency of share cropping. The 
work of Minhas and Srinivasan [115] 
which we have already noted, instead tries 
to predict whether, on the assumption of 
profit maximization and specified techno- 
logical relationships and prices of output 
and inputs, the share croppers (with ob- 
served shares) will have incentive to ab- 
sorb fertilizers. In undertaking this 
analysis, they are careful to note that the 
uncertainty of the outcome from fertilizer 
inputs, owing to exogenous reasons (such 
as weather failure or shortfalls in related 
inputs such as public sector irrigation) or 


106 This inquiry was prompted by the shift in India’s 
agricultural strategy, with the end of the Third Plan, 
towards fertilizer-intensive agricultural growth. 
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inaccurate application of the implied new 

- technique, would have to be allowed for in 
predicting the fertilizer absorption levels 
at the assumed prices. This is important 
particularly since the application of fertil- 
izers may lead to higher average output 
but greater variance of output. They also 
- assume perfectly elastic supply of credit at 
a common interest rate for everybody: 
hence, credit is not related to farm size and 
status, as is probably the case in practice. 
Further, in making their prediction, they 
assume (with other analysts of this prob- 
lem) that the tenani will be making the 
investments, so that the higher the crop 
share accruing to him the greater the 
fertilizer absorption. However this as- 
- sumption, often made by the proponents of 
land reform who recommend higher crop 
shares for the tenant, may be empirically 
invalid. If the investment decisions are 
made, and financed, by the landlords— 
and politically they may have control over 
the governmental lending institutions in 
the rural areas, for example—then higher 
shares for the landlord, ceteris paribus, 
would lead to greater, rather than lower, 
fertilizer absorption. This issue is an em- 
pirical one and does not appear to have 
been treated systematically in the litera- 
ture! 

The literature on behavioral relation- 
ships in Indian agriculture that we have 
surveyed so far has had direct relevance to 
the lively policy debate on the appropriate- 
ness of the governmental policies relating 
to pricing, procurement, imports and dis- 
tribution of food in India. This debate has 
raised questions, and led to analysis, of 
considerable interest. It is to these ques- 
tions that we now turn. 


101 Some of the land reform studies, however, have 
distinguished between investments made by the tenants 
and by the landlords. See, for example, the examination 
of the working of the Bombay Tenancy Act, 1948, by 
Dandekar and Khudanpur, surveyed in Dandekar [28]. 


Price Policy and Production 


With respect to the effects of agricul- 
tural price policy on production, two dif- 
ferent questions can be distinguished in 
the Indian debate. On the one hand, the 
question of agricultural prices, as such, has 
been discussed, largely in relation to their 
stability and impact thereof on investment. 
On the other hand, the question of the 
relative terms of trade between agriculture 
and other sectors and own-inputs has also 
received attention. We consider each ques- 
tion in turn. 

(A) The desirability of having “guar- 
anteed, minimum prices,” announced prior 
to the sowing season, has been widely em- 
phasised in the Indian literature.! Legis- 
lative and executive action in this area has, 
however, only recently begun: with the 
announcement since 1966 of minimum 
support prices for several major agricul- 
tural commodities such as paddy, jawar, 
wheat and maize, and the setting up in 
January 1965 of an Agricultural Prices 
Commission to assist in formulating these 
prices and the Food Corporation of India in 
making the necessary purchases to make 
these prices effective where necessary.’% 

The underlying theoretical basis for the 
guaranteed minimum price approach seems 
to have had numerous elements. (1) 
Dantwala [34], among others, has referred 
to the “insurance” aspect of such a policy 
and its resulting elimination, via the pro- 
vision of a floor price, of that aspect of un- 
certainty. which might deter investment. 
Whether, however, open market opera- 
tions in the agricultural market, designed 


12 Cf. Dantwala [34], the Report of the Agricultural 
Prices Commission on Price Policy for Kharif Cereals 
for 1965-66 Season [176] and the Report of the 1966, 
[Venkatappiah] Foodgrains Policy Committee [177]. 

10 As happens with many such bodies, the Food 
Corporation of India has managed to multiply its ac- 
tivities well beyond this area and has even involved 
itself in fertilizer distribution. Cf. the Foodgrains 
Policy Committee Report [177]. 
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to mop up supplies when the price tends to 
sag below the floor price, is a preferable 
alternative to an insurance scheme which, 
among other differences, does not involve 
direct State trade in agriculture has not 
been debated in the Indian literature. (2) 
The notion that the minimum guaranteed 
price, on the other hand, is part of a stabili- 
zation policy aimed at evening out fluctua- 
tions has also been explicitly developed by 
other economists, including Dandekar 
[32]. However, the distinction between 
price and income stabilization for agricul- 
ture or foodgrains has been made all too 
rarely.! Nor has the problem raised for 
buffer stock operations (on which the pro- 
posed stabilization measures must rely) by 
the frend rise in agricultural prices been 
discussed.’® In turn, the critical question 
as to whether private speculation itself 
tends to be stabilizing or destabilizing in 
the field of agriculture in general, and 
specific foodgrains in particular, has not 
received the attention it deserves. The 
view that private trade is destabilizing 
(in some sense) and inefficient (in eliminat- 
ing spatial price differentials, among other 
things) seems to have been widely ac- 
cepted as obvious. In this connection, at 
least two empirical investigations are of 





14 Dandekar {32, 27] notes the difference but opts for 
a rather strange solution which aims at both price and 
come stabilization for foodgrains, without considering 
any alternatives: “..., in the interest of the pro- 
Hucers, any measures of stabilization of prices such as 
ough operating support and ceiling prices, should be 
accompanied by measures of income stabilization 
through appropriate credit and insurance policies.” 
| 1% In deciding on the optimal level of the buffer stock, 
it would be necessary also to consider the possibility of 
holding free foreign exchange reserves, with pipelines 
set up for activating imports when necessary, since in- 
stability is likely to arise in respect of commodities other 
than foodgrains as well. A decision to hold buffer stocks 
for each item (including agricultural produce and food- 
grains) where instability will arise may be suboptimal 
and the holding of foreign exchange reserves instead, 
orjsome combination of the two measures, may be supe- 
rior. This question has been neither posed nor explored 
in the Indian literature. 





interest. Venkataramanan [174], who has 
examined the data on spot and futures 
price quotations at the East India Cotton 
Exchange, which of course represents a 
fairly developed market, and stocks of 
cotton in Bombay, has found that the 
Keynes-Hicks theory of “normal back- 
wardation” is consistent with the ob- 
served facts. Moreover Uma Lele [90], who 
has studied the sorghum trade in Ma- 
harashtra State, for five primary markets 
in Sholapur district and two terminal mar- 
kets, has found that much of the regional 
price differentials (where not illusory and 
accountable by differences in grain qual- 
ity) can be accounted for by factors such 
as transportation bottlenecks, freight costs 
and governmental restrictions and bans on 
movements. (3) Finally, nearly all econo- 
mists writing in this area [32] [34] have 
expressed the view that, in addition to the 
“insurance” element, the guaranteed min- 
imum prices should ‘include a margin in- 
tended to “help in assuring the progressive 
farmer that additional effort and expen- 
diture for the purpose of increasing output 
will bring him an adequate return.” [177, 
54]. This view amounts to arguing, ceteris 
paribus for improved terms of trade be- 
tween agriculture and other sectors, 
which would permit the (relative) influx of 
resources into agriculture. What would be 
the optimal policy for bringing about a 
shift in the agricultural terms of trade and 
what would be their optimal level are is- 
sues which this line of policy analysis 
opens up. These are also the issues which 
belong to the second class of questions, re- 
lating to relative agricultural prices, to 
which we now turn. 
(B) Much of the Indian literature and 
debate has inevitably dealt with this class 
of problems, although the discussion has 


1% This should include improvement in the relative 
price of agricultural output vis-a-vis agricultural in- 
puts. ' 
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been confined to the question of whether 
Indian agriculture has been subjected, over 
the first three Plans, to a frend situation of 
price disincentives. Much of this debate 
has centered on the behavior of the agri- 
cultural terms of trade in general, although 
the foodgrains terms of trade have been 
distinguished. Furthermore the question 
of input prices and the net burden of taxa- 
tion on the agricultural sector vis-a—vis 
other sectors has also been raised. 
Dantwala [34], in an important contri- 
bution which surveys the entire range of 
governmental policies over the period of 
the three Plans, has critically examined the 
prevailing view that agricultural prices 
have had a strong disincentive element. 
He finds this view inconsistent with the 
facts insofar as the recorded time series of 
the agricultural terms of trade fail to 
register a deterioration over the period.” 
In fact, relative stability over the period, 
with the exception of a sharp dip in 1955- 
56 (which led to a rather slow stepping up 
of public sector investments), seems to 
have characterized the terms of trade be- 
tween agricultural and nonagricultural 
commodities. On the other hand, if we 
examine the terms of trade between food- 
grains and nonagricultural commodities, 
or between foodgrains and the overall in- 
dex of wholesale prices, there is certainly 
evidence of a more distinct deterioration 
during the first Plan period which is elimi- 
nated towards the end of the period. 
While these facts are interesting in 
themselves, they beg the more relevant 
question as to which level of the terms of 
trade, whether between agriculture and 
the rest of the economy or between food- 


. ™ Dantwala [34] makes the important observation 
that: “. . . For some commodities like cotton, there has 
been a statutory ceiling on prices; and though in reality 
the ceiling has never been operative, the office of the 
Economic Adviser which prepares the index series re- 
cords only the ceiling prices. Thus, for commodities like 
these, the index number under-estimates the rise in 
prices.” 


grains and other commodities, should be 
considered optimal and whether, in rela- 
tion thereto, the recorded terms of trade 
for agriculture or foodgrains were “un- 
favorable.” Dantwala raises this issue 
tangentially when he argues that, in rela- 
tion to 1939 prices, the cereals index was 
already 444 (with 1939=100) and the 
general price index only 380.6 in 1952-53, 
the -baseyear of the new price indices. 
Hence, in relation to the 1939 terms of irade, 
the evidence over 1951-1966 indicates 
“favourable terms of trade for agricul- 
ture.’°8 Similarly, Dandekar’s [32] con- 
tention that the terms of trade for cereals 
show distinct improvement during the 
Third Plan largely in the drought years at 
the end is also implicitly raising the same 
unanswered question as to the optimal 
level of the terms of trade. 

It is interesting however that the par- 
ticipants in this debate have not come to 
direct grips with the fundamental question 
of determining the optimal level of agricul- 
tural prices vis-a-vis other prices. Thus, 
for example, there has been no attempt at 
determining how these internal terms of 
trade compare with the international rates 
of exchange between agricultural and other 
commodities and whether exchange rate 
and trade policies conferred an excessive, 
in the sense of suboptimal, incentive for 
resources to flow into the nonagricultural 
sector. 

At the empirical level, however, greater 
sophistication has been introduced into 
the discussion by examination of the rela- 
tionship between agricultural output and 
input prices and the net burden of taxation 
on agriculture relative to other sectors. 
Dantwala [34], after making the valid 
point that little empirical evidence is 
. 1$ Dantwala [34] then notes that “This would per- 
haps, explain why in January 1957, when the [new] ce- 
real price index stood at 95, the Government of India 
thought it fit to set up a high powered committee “to 


examine the causes of the rise in prices and to suggest 
remedial measures.” 
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available and, where available, it does not 
indicate a high elasticity of response of 
agriculture as a sector to its terms of trade 
with respect to other sectors, proceeds to 
examine the available information for 
input/output prices for Assam, Panjab, 
Kerala, Orissa and West Bengal and finds 
conflicting evidence in relation to 1939, 
while noting the unusually unreliable 
character of these series. The information 
on the relative tax burdens, however, is 
sound and Dantwala quotes Ved Gandhi’s 
[56] thorough work to show that sectorwise 
agriculture has received exceptionally fav- 
orable treatment. This is particularly be- 
cause of the direct agricultural taxes 
amounting on the average to no more than 
2 per cent of the value of agricultural pro- 
duction during the planning period.) 


Price Policy, Distribution and Imports 


Regardless, however, of the issue as to 
whether Indian agricultural production 
was discouraged by governmental failure 
to provide the optimal terms of trade, the 
question persists as to whether the entire 
set of governmental policies, designed to 
deal with a continuing situation where at 
constant prices foodgrains production was 
short of the demand fed by income and 
population growth, were optimal. This 
question, in turn, has provoked a consid- 
erable amount of controversy. 

The governmental policy package has 
essentially involved reliance on largescale 
P.L. 480 imports to supplement overall 
supplies of wheat and distribution thereof 
through a public sector system of fair price 


10° Quite aside from the fact that politically it is diff- 
cult to tax the agricultural sector, when the bulk of the 
votes are in that sector, there may be another problem 
here. From an income distributional point of view, the 
agricultural sector possibly has a relatively larger pro- 
portion of its income originating on the small farms be- 
longing to an income level which cannot be taxed on 
equity criteria. On the other hand, this implies that 
taxation (which is necessarily not lump-sum), and hence 
incentives on that account, will be biased against’ the 
non agricultural sector, ceteris paribus. 


shops. Further for wheat, and more so for 
rice where there has been no equivalent 
P.L. 480 program, internal procurement of 
foodgrains from the producers has been 
attempted. Furthermore, since 1964, the 
country has been divided into several food 
zones which rule out interzonal free pri- 
vate trade: and the perpetuation of this 
system has been largely defended by refer- 
ence to the government’s procurement and 
distributional policies. 

The policies just described have been 
severely criticized by Indian economists. 
However, while there is general agreement 
that the governmental procurement of 
internal foodgrains for public sector dis- 
tribution to the low income groups was 
totally inadequate and the reliance instead 
on P.L. 480 imports for this purpose was 
excessive, the critics have been divided on 
almost everything else. Thus, for example, 
Raj [137] has argued that the zonal system 
has accentuated the reliance on imports 
whereas Dantwala [34] and the Food- 
grains Policy Committee (which included 
D.R. Gadgil) [177] have contended that 
the zonal system facilitates greater pro- 
curement, implying that, ceterts paribus, it 
reduces reliance on imports. The zones 
have also attracted considerable contro- 
versy in relation to other issues such as 
their impact on economic efficiency and 
political integration: Raj Krishna [84] 
[176] and Raj have been among the prin- 
cipal critics. 

(1) The view that the reliance on food 
imports was excessive and that India could 
and should have managed without P.L. 
480 imports has been variously argued. 
Raj [137] has argued that imports could 
have been moderated, even eliminated, as 
there was enough foodgrain to go around 
“if distributed equitably.”®° While this is 

0 Raj refers to nutritional standards to arrive at an 
average per capita consumption figure of 134 ounces as 
minimum cereal intake and finds that “except in two 


years (1951-52 and 1952-53), it would have been possi- 
ble to ensure this from domestic production alone.” 
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a correct statement of fact, it does not rule 
out the existence of excess demand at a 
given price for foodgrains, and hence the 
important question as to whether imports 
should not after all have been permitted 
(or sought, under the aid program) to mod- 
erate a rise in the price. In assessing this 
question, it is necessary to remember at 
least two pertinent points: (1) if excess de- 
mand for cereals were to be diverted, 
thanks to rationed distribution for in- 
stance, this demand could spill over into 
other consumption (instead of turning into 
involuntary savings) and, in turn, cut into 
exports, for example, and thereby affect 
the foreign exchange position much as im- 
ports of foodgrains would; and (ii) if ac- 
ceptance of P.L. 480 imports led, in the 
ultimate analysis, to a greater total inflow 
of foreign assistance, this in turn would be 


a positive factor in favor of such a policy, 


ceteris paribus. In short, whether self- 
sufficiency in foodgrains is an acceptable 
objective of short-term or long-term 
agricultural policy is itself an issue which 
must be assessed in the light of a general 


equilibrium analysis of the entire economic | 


position, including aid flow sensitivity to 
alternative policies, instead of being re- 
garded as axiomatic.™ 

Raj Krishna’s [84] indictment of the 
governmental failure to step up internal 
procurement, while imports under the 


11 Dantwala [34] makes a similar point when he 
notes, with respect to the possible adverse effect of P. 
L. 480 wheat imports on wheat production, that: “The 
major component of P.L. 480 imports was wheat and it 
is reasonable to assume that these imports affected the 
prices of wheat or at best also of other substitutable 
cereals from the consumer point of view, but could not 
have had much impact on the prices of commercial 
crops. The expected consequence of this relative shift 
in prices in favour of commercial crops would be a shift 
in agricultural inputs for their production. Assuming 
that this is exactly what happened, would such a de- 
velopment be necessarily injurious to Indian agriculture 
or the Indian economy as a whole? It is, of course, true 
that higher foodgrains production is very vital to India’s 
economy, but a stimulated growth of non-foodgrain 
crops is of no less importance for the overall national 
economy... .” 


P.L. 480 program continued, raises similar. 
questions. It is indeed true that the facts 
on imports and local procurement of grains 
show a greater amount of procurement in 
the first Plan than in each of the subse- 
quent Plans (when P.L. 480 imports be- 
came available), despite the easier food 
situation during most of the first Plan. 
And it is also correct to maintain that such 
a policy violated the public pronounce- 
ments with respect to the achievement of 
self reliance in foodgrain availability. On 
the other hand, it does not follow that the 
policies actually followed were suboptimal 
if one assesses them in terms of economic 
efficiency rather than in relation to self- 
sufficiency as an objective. 

(2) We have already noted that the 
question of the effect of zonal arrange- 
ments on the food deficit and import 
levels has been raised, in this connection, 
by Raj. In fact, this issue leads us directly 
into the entire range of questions relating 
to the economic efficiency of zonal arrange- 
ments and their role in a national food- 
grains policy. 

The zonal arrangements in India sprang 
up largely thanks to the action of the so- 
called “surplus” States such as Andhra 
Pradesh, Panjab and Madras whose pri- 
mary motivation appears to have been to 
maintain artificially low prices (in a situa- 
tion of rising prices) within their boun- 
daries by curtailing the normal outflow of 
grain through private, interState trade. 
This phenomenon raises the natural, but 
unexplored question as to whether the 
rural interests in the “surplus” states, 
which are thus being denied the advan- 
tages of more favorable terms of trade, are 
really less influential politically than the 
urban consumer groups to whose interest 
the zonal policies appear to cater. Two 
possible explanations, however, may be 
worth exploring. (i) On the one hand, it is 
possible for the more influential, larger 
landlords to make greater profits under 
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zonal arrangements by getting access to 
scarce, State—distributed licenses to export 
their output of foodgrains to deficit States 
which have higher prices under these zonal 
arrangements than otherwise. Such a prac- 
tice also redounds to the benefit of the 
politicians who thus develop another area 
of patronage and possibly even direct 
profit to themselves. There is some evi- 
dence that this explanation might have 
relevance in Andhra Pradesh. (ii) An 
alternative explanation may be that the 
political situation is based in the States on 
a balance of urban and rural interests. 
Thus, while food prices are kept low by 
zonal restriction on the ouflow of grains, 
the not-so—-poor farm groups are ‘“com- 
pensated” by the provision of negligible 
tax rates on agricultural income."? The 
danger in this kind of politico—-economic 
pattern is that ultimately the whole op- 
eration would imply that the marginal tax 
‘effort, for investment and other purposes, 
would have to come to rely on the ex- 
tremely narrow base provided by non- 
agricultural, urban classes outside of the 
group sheltered by the Fair Price Shops. 
While, however, the zonal system has 
originated in the actions of the “surplus” 
States, it has found some distinguished 
supporters among the economists despite 
the severe criticism direct at it by several 
economists. The defence of the system is 
best summarized in the Foodgrains Policy 
Committee Report [177]. Arguing that 
the interState movement in foodgrains 
should be undertaken only through State 
operations, and that zonal restrictions on 
private movement should continue, the 
Committee have claimed the following 
advantages for such an arrangement: 


First, this is necessary for ensuring 
equitable distribution to different States; 


12 Similarly, the deficit States “compensate” their 
urban groups by distribution of Central supplies of im- 
ported foodgrains through Fair Price Shops at sub- 
sidized prices. 





trade, if untrammelled, would tend to 
move the surpluses of one State to points 
of highest purchasing power in another 
and not to those of greatest need. Sec- 
ond, it would enable Government to 
keep prices at levels, which are reason- 
able for both consumer and producer; 
private trade, by catering for the well- 
to—do consumer, would be in a position 
to push up prices, if allowed to compete 
with Government. Third, if the trade is 
allowed to purchase within the’ State 
and sell outside it on its own account, it 
would not be possible to ensure maxi- 
mum procurement by Government and 
Government agencies. 


These arguments, however, are unten- 
able. While it is true that the market sys- 
tem will not in itself correct an undesirable 
income or consumption distribution, it is a 
nonsequitur to deduce that the optimal 
way of achieving a desired distribution is 
to eliminate the market system and sub- 
stitute governmental trade instead. The 
second argument is also a distributional 
one insofar as we can make any sense of it, 
and subject to the same criticism. 

The final argument, which constitutes 
really the central defense of the zonal ar- 
rangements, is incomplete, even if factu- 
ally correct," and must be dismissed if the 
zonal arrangements are looked upon from 
the viewpoint of economic efficiency. In 
order to appreciate this, it is necessary to 
examine the main features of the policy 
package advocated by the Foodgrains 
Policy Committee. 

They have recommended that procure- 


13 The argument of the Committee that, thanks to 
the zonal arrangements, the governmental procurement 
of rice during the 1965-66 season has been higher than 
during the 1964-65 season, “‘in spite of a reduction of 17 
million tonnes in foodgrain production caused by 
drought,” surely cannot be accepted at its face value. 
Indeed, the very fact that there was a drought and 
hence a great demand for fair priced cereals during 1965- 
66 might have prompted more procurement of rice (as 
distinct from wheat, where we may note that P.L. 480 
imports were undertaken instead); whether the pro- 
curement would (as also should) have been more or less 
if the zonal arrangements had not existed remains an 
open issue. 
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ment of foodgrains must be undertaken, 
apart from buffer stock purchases, for dis- 
tribution at fair prices to certain classes of 
low income consumers in both rural and 
urban areas. Furthermore, they have 
argued that the procurement must be 
undertaken at prices below the market 
prices in order to prevent the government 
having to find the resources for financing 
the subsidy that would otherwise be en- 
tailed. Thus the Committee’s recom- 
mendations effectively involve subsidizing 
the foodgrains consumption of certain 
low income groups and financing this sub- 
sidy by taxation of the farmers producing 
these cereals, this taxation being implicit 
in the fact that procurement would be at 
less-than—market prices. In this context, 
the restrictions on private interzonal trade 
are looked upon primarily as a means of 
making this procurement “easier,” pre- 
sumably because the apparent element of 
taxation would be smaller, given the fair- 
price at which procured foodgrains are to 
be sold, if the open market price in the 
“surplus” States (where procurement will 
presumably be carried out) is kept lower 
by ruling out interzonal private trade. 

This view of the policy package, which 
seems to rationalize the zonal restrictions, 
is however open to serious objections. 
There are two particular aspects of this 
policy which are controversial: (i) the 
method of subsidising the low income 
groups; and (ii) the method of financing 
the subsidy. i 

Concerning the former question, it is not 
clear that an outright financial subsidy to 
the specified low income groups, index— 
linked to the cereals price index, may not be 
a less expensive system than a distributive 
system based on Fair Price Shops, govern- 
mental trade and distribution." In assess- 
ing this question, we would have to con- 


™ Identification of recipients eligible for the “dole” 
would be as difficult or easy as their identification for a 
ration card. 


sider (i) the relative efficiency of a public 
distribution system, from the viewpoint of 
waste in storage for example; (ii) the 
administrative costs and feasibility of 
either system; and (iii) the possible, 
though not necessarily considerable, ad- 
vantage of having a State distributional 
system which can be readily exploited to 
handle sudden emergencies such as the 
Bihar Famine of 1967, when an enormous 
operation to shift foodgrains to this area 
had to be mounted. 

The question of the optimal method of 
financing the subsidy to the low income 
groups raises still more complex issues 
which have not received the attention they 
deserve. Before we discuss these alterna- 
tives, however, we may note the objections 
to the Foodgrains Policy Committee’s 
assumption that, if one is to levy an im- 
plicit tax on the farmers to pay for the 
subsidy, zonal restrictions make this task 
“easier.” Raj Krishna has argued, in a 
brilliant note of dissent to the Agricultural 
Prices Commission’s 1965-66 Kharif Ce- 
reals Report’s similar ideas, that this view 
focusses metely on the fact that procure- 
ment in the surplus States (by the Centre) 
would be cheaper but ignores the fact that 
more would have to be procured since, with 
interzonal private trade removed, “the 
responsibility of meeting the entire deficit 
of deficit States falls on the Central Gov- 
ernment.” [176, 38]. Raj Krishna has in 
mind the possibility that politically the . 
deficit States would have to be “compen- 
sated” for the eliminated, private inflow of 
foodgrains. But even if we rule out such a 


direct “compensation,” the problem re- .. 


mains. For as open market prices in the 
deficit States rise to levels higher than 
what they would have been if zonal re- 
strictions were eliminated, demand for 


u5 Sundaram’s [168] careful analysis of the subopti- 
mality of the existing P.L. 480 landings at different 
Indian ports, given the ultimate destination points, is 
also of relevance in assessing this issue. 
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foodgrains would be diverted to the Fair 
Price Shops, thus raising the offtake from 
these shops and hence also the need for 


procurement. This would happen insofar. 


as those entitled to access to these shops 
are not already utilizing it fully in the no- 
zonal-restrictions situation: as is indeed 
likely to be the case.” Furthermore, even 
if this were not the case, the rise in the 
open market price level could certainly 
lead to politically effective demands to let 
more income groups have access to the 
Fair Price Shop system facilities. How- 
ever, against this, we must balance the 
fact that, in the surplus States, demand 
would be diverted away from the Fair 
Price Shop system; hence the overall need 
for procurement, to service the Fair Price 
Shop system, may reduce rather than in- 
crease—a possibility which is ignored by 
assuming unrealistically that the Fair 
Price Shops system applies only to the 
deficit States. The question as to whether 
procurement will be “easier” under the 
zonal restrictions system is thus a complex 


' one and cannot be answered unless the 


analysis takes into account the strength of 
the low income groups and demand diver- 


‘ sion to, and away from, Fair Price Shops 
as a result of the zonal restrictions in both 


surplus and deficit States: a priori, it is 
impossible to rule out the possibility that 
the quantities to be procured will increase 
under the zonal system. 

But, even leaving this question aside, 
the zonal arrangements conceived as an in- 


. strument for securing procurement involv- 
‘ing a hidden tax element represent a 


method of levying taxation that is ethi- 


' cally inequitable, economically inefficient 


and politically injurious to national in- 


' tegration. Raj Krishna [176] has correctly 
‘pointed out that there .are “surplus” 
' farmers and not “surplus” States. A policy 


ue There seems to be evidence that only the extremely 
lowzincome groups generally utilize the Fair Price 


| Shops even though more groups have the right to do so, 


which aims at concentrating tax-element— 
inclusive procurement in surplus States, 
while ignoring the fact that prosperous or 
surplus farmers exist even in deficit States, 
is an inequitable one. Moreover, the tax— 
element-—inclusive procurement of food- 
grains which are demanded by the low in- 
come groups is economically inefficient 
insofar as it discriminatorily taxes farmers 
who happen to be producers of these 
specific commodities and thereby pulls 
away resources, ceteris paribus, from the 
production of these commodities, Even if 
tax—element~inclusive procurement is con- 
sidered to be the only feasible method of 
taxation," to finance the subsidies for the 
low-income groups, there is no reason why 
it should be confined to the commodities 
which happen to be demanded by the low 
income groups." 

Finally, the zonal system, on which such 
a procurement system is grafted, must in- 
evitably lead to political disintegration. 
The cynical reluctance of the surplus 
States to let their grain be procured for 
transfer to Bihar during the 1967 famine 
is only an extreme example of the inward 
looking approach of these States to a 
national food policy. A condoning of the 


u? This is often asserted in the Indian policy debates. 
However, it is by no means clear that where procure- 
ment has succeeded, the price paid has always included 
a tax element or, when such tax element is present, an 
alternative form of agricultural taxation would not have 
been feasible (and possibly preferable on efficiency 
grounds). This is an important, neglected area of em- 
pirical research. We may also mention in this context, 
while we are essentially discussing alternative forms of 
agricultural taxation, that Dharm Narain [119], Sen 
[154] and Bhagwati [4] have discussed the Preobrazhen- 
sky-type problem of how the terms of trade between 
agriculture and industry could be adjusted in order to 
extract a “real” surplus from agriculture to “finance” 
capital formation in industry. l 

us We may also note the further point, made by 
Khusro [75], that, even if the zones were not accom- 
panied by tax-element-inclusive procurement, they 
would have adverse allocational effects by discouraging 
the production of foodgrains in the surplus States 
(which presumably have comparative advantage in 
such production) and encouraging it in the deficit 
States, i; 
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zonal system would only accentuate these 
fissiparous tendencies. In fact, as Raj 
Krishna had predicted, the zoning system 
has spread to within States, with districts 
turning into de facto zones in States such as 
Madras and Kerala. The argument of the 
Food Policy Committee [177] in this con- 
nection is interesting: 


Another criticism of the restrictions 
on inter-State movement ‘of foodgrains 
is that they undermine the unity of the 
Nation. We do not consider this to be a 
valid criticism. The system does not 
envisage a ban on the movement of the 
surplus from the surplus States to the 
deficit States. What the system implies 
is that the inter-State transfers will be 
effected on a regulated basis by a public 
agency which is amenable to social con- 
trol and discipline. In a situation of 
overall shortage, if inter-State move- 
ment of foodgrains is allowed to be un- 
dertaken in an unregulated and uncon- 
trolled manner, it would indeed create 
scarcity conditions in the relatively 
poorer regions of the country. Such a 
development can have a far more 
damanging influence on the unity of the 
Nation. 


This argument, however, has little practi- 
cal relevance. In practice, for the very rea- 
sons that the surplus States have pushed 
for zonal restrictions, they have frustrated 
the Central Government’s attempts, via 
the Food Corporation of India, to procure 
foodgrains for shipment to deficit States 
and have generally forced the Central 
Government to resort instead to P.L. 480 
imports for such supplies (thus lending 
substance to Raj’s argument that the 
zones have led to increased imports of 
foodgrains). To argue therefore for a 
zonal policy, knowing fully well that the 
chief supposed advantage from it contra- 
dicts the very purpose for which it is 
politically designed and adopted, is some- 
what naive and has inevitably, even if un- 
wittingly, strengthened the interests op- 


posed to a truly national food policy.”? 

In fact, it is significant that the move to 
abolish, or at least enlarge, food zones to 
include both deficit and surplus States in 
single zones, has come from many surplus 
States themselves during the bumper crop 
of 1967-68. With prices sagging in these 
States, there has been a reversal of their 
attitudes: the producer pressure groups 
appear to have become more important 
and have sought freer access to the deficit 
State markets. At the same time, procure- 
ment has been permitted only at excep- 
tionally favorable prices, leading to an 
exasperated critique of politicians by the 
leading zone supporting economist, 
Dantwala [36]. Clearly, the political as- 
sumptions that the zonal system would 
permit procurement at tax-element-~inclu- 
sive prices, in the interest of a national food 
policy, have been shown up to be, at best, 
tenuous. However, instead of taking this 
opportunity to eliminate the zonal re- 
strictions altogether, the Central Govern- 
ment is now in the role of zone supporter, 
opposing several surplus States’ desire to 
let the zones widen or perish. 


Existence of Surplus Labor or Disguised 
Unemployment 

Prior to concluding our survey of the 
Indian literature on agricultural policy, we 
must examine the important issue as to 
whether there is surplus labor (or disguised 
unemployment) in the Indian economy. 
The assumption that this is indeed the case 
has formed the basis, as we have already 
seen, for much analytical thinking in India. 


W In this connection, however, we may note (1) that 
the Central Government’s ability to force the surplus 
States to fall into line and eliminate zonal restrictions 
might have been seriously inhibited by the fluid political 
situation within the Congress Party and the critical role 
played in Prime Ministerial successions, by the Chief 
Ministers of these States; and (2) the fact that, even if 
these zonal restrictions were abolished, we could not 
have ruled out altogether the imposition of numerous 
clandestine restrictions, on export of foodgrains, by the 
recalcitrant, surplus States. 
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. Although the existence of surplus labor 
is regarded as almost self-evident by many 
Indian economists, and was discussed in 
early writings of economists such as 
Bhabatosha Datta, the unorthodox view of 
Schultz [151] who has used Indian data to 
argue that the phenomenon does not exist, 
has prompted renewed interest in the sub- 
ject. In reviewing this literature, we must 
begin by differentiating among the numer- 
ous alternative definitions of, and hence 
presumed evidence in support of, the 
presence of surplus labor which are to be 
found in the literature in this area. 

There are many alternative definitions, 
sometimes explicit but often implicit, of 
“disguised unemployment” in the liter- 
ature, which do not necessarily coincide in 
scope even within the context defined by 
the Indian economic and institutional 
structure. (1) We have the definition due 
to Arthur Lewis which defines disguised 
unemployment as a situation under which 
it is possible to get a supply of labor from 
agriculture to the industrial sector at a 
constant real wage. (2) We also have the 
definition of disguised unemployment as a 
situation under which the social marginal 
productivity of labor in a sector such as 
agriculture is less than the wage rate at 
which labor can be hired: the wage rate is 
inflexible downwards because of the bio- 
logical subsistence requirements. (3) Dis- 
guised unemployment has also been de- 
fined as a situation where the private mar- 
ginal productivity of labor is zero in agri- 
culture, so that the withdrawal of labor 
from agriculture would result in a fall in 
agricultural output. Even here, it is neces- 
sary to make a distinction between a 
ceteris paribus withdrawal and a mutatis 
mutandis withdrawal, as these two alterna- 
tive varieties of withdrawal would lead to 
different effects on agricultural output in 
general, (4) Finally, disguised unemploy- 
ment may be defined simply as a situation 
where, given the social objective of maxi- 


mizing the value of current income, the 
combination of techniques and resources is 
such that the shadow wage, and hence the 
social marginal productivity (SMP), of 
labor is zero. Our analysis will be con- 
cerned with this specific definition: we will 
review the Indian literature on surplus 
on the assumption that the objective of 
the analysts is to discuss and test the pro- 
position that, in the Indian context, the 
SMP of labor is zero. 

Note first that zero social marginal pro- 
duct (SMP) will not necessarily involve 
zero private marginal product (PMP). If 
we assume a single sector (e.g. agriculture), 
a peasant family system of farming and a 
system of allocation of labor time which 
involves maximization of family—group in- 
come (even if the division of product may 
be on different principles), zero social 
marginal product will naturally lead to 
zero private marginal product. On the 
other hand, if we were to assume a capi- 
talist system of farming, where landless 
labor is hired for a wage which institution- 
ally exceeds the zero shadow wage, we 
would observe a positive marginal product 
(which would equal the market wage). 

Similarly, zero SMP will not necessarily 
imply that, if the labour force were re- 
duced in a sector, that sector’s output 
would fall. Thus in a model where the real 
wage of agricultural labor is institutionally 
fixed in terms of a constant utility level de- 
rived from consuming both agricultural 
and manufactured goods, factors are im- 
mobile between sectors, there is capitalist 
farming in agriculture, and the SMP of 
agricultural labor is zero (with income dis- 
tribution keeping the unemployed alive), 
a reduction (say, by influenza) in the agri- 
cultural labor force would have no primary 
impact on agricultural output. On the 
other hand, it would imply that the ex- 
penditure otherwise made by the deceased 
labor force would now be made by others. 
If, as a result of this implied income redis- 
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tribution, the demand for, and hence the 
relative price of; manufactures falls, we 
would then have a reduction in the bind- 
ing nature of the institutional wage con- 
straint and hence greater output of 
agriculture in the new equilibrium. Con- 
versely, it is possible to show that, even 
. when there is positive SMP in agriculture, 
the effect of reduction in the labor force 
may well be to maintain agricultural out- 
put constant. : 

Furthermore, zero SMP does not imply 
that the supply of labor from the sector 
where this is so will necessarily be per- 
fectly elastic at some real wage. Thus, for 
example, if zero SMP (and zero PMP) ob- 
tains in a peasant family agriculture, with 
individual rather than group income maxi- 
mization such that each individual will 
equate his average product on the farm 
with his marginal product in manufactures 
(a la Arthur Lewis), then successive sup- 
plies of labour to manufactures will raise 
the average product on the farm, consis- 
tent with zero PMP and SMP in agricul- 
ture continuing, and thus the marginal 
-cost of labor supply from agriculture will 
continually rise (instead of being con- 
stant). 

Finally, we may note that the common 
assumption that surplus labor must be in 
the agricultural sector, leading to predic- 
tions such as the elastic supply of labor to 
the nonagricultural sector and the con- 
stancy of agricultural output as labor 
moves out of agriculture, is itself restric- 
tive. In essence, we can think of labor 
carrying a zero shadow wage for the 
economy in toto. If we look at the empiri- 
cal situations, it is not unrealistic to 
postulate an economy with a common, 
institutionally determined wage (which 
exceeds the zero shadow wage) at which 
employment is undertaken in capitalist 
agriculture and capitalist manufactures. 
In practice, it is also possible to find in fact 
the coexistence of “family” and “capi- 
talist” modes of production in both agri- 


cultural and urban areas: so that, in this 
instance as well, zero SMP may. obtain © 
with respect to all sectors. 

The institutional features of an econ- 
omy thus have a critical relevance to the 
manner in which zero SMP “accommo- 
dates” itself in the system. Hence, the 
“tests” and “measures” of surplus labor, 
which have been devised in the Indian and 
other contexts, have to be treated with 
great care. 

(1) Thus, for example, it has been ar- 
gued that there cannot be surplus labor in 
India because labor is hired at a positive 
wage in all farms, whether small or large. 
This argument presumes implicitly that 
the surplus labor is to be found on the 
peasant family farms and ignores the 
possibility that capitalist hiring of landless 
labor at an institutionally determined 
wage on all farms is compatible with zero 
SMP. 

(2) Schultz’s [151] famous test, on the 

other hand, has proceeded along a differ- 
ent route. He takes the influenza epidemic 
in India during 1818-19, arguing that the 
sudden and significant reduction in the 
labor force that it entailed provides a 
laboratory type experiment to discover 
surplus labor in India. On finding that 
agricultural acreage (and output) declined 
in consequence, in the year 1919-20, 
Schultz concludes that labor was not in 
surplus in agriculture. 
. Schultz, however, has another supple- 
mentary argument at this stage. He hy- 
pothesizes an agricultural production func- 
tion of the following type: 


(34) Q = A- (L) 
where 
Q=output 
L=\labor force 
A =technological constant 
a= “labor coefficient” 


Arguing that certain unpublished sample 
studies indicate the value of the “labor 
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coefficient” to be 0.4, Schultz further fits a 
regression equation on the data for the re- 
duction in acreage (taken as proxy for out- 
put) and in labor force during 1919-20 in 
ten different States to find that the indi- 
cated labor coefficient is 0.349, and the 
hypothesis of 0.4 lies well within the con- 
fidence interval based on twice the esti- 
mated standard error of this estimate. 
Schultz further seems to derive greater 
confidence in this coincidence (between the 
values of the labor coefficients in his re- 
gression and in the unpublished sample 
studies) because a study of the share of 
agricultural income going to labor in 
Panjab during 1947-48 yields the figure 
0.34 which happens to be consistent with 
the competitive implications of the hy- 
pothesised production function for agri- 
culture. How does this argument streng- 
then the first argument which depends ex- 
clusively on showing that agricultural 
acreage (output) declines with the decline 
in the labor force? Clearly, if Schultz can 
produce evidence that the data for the ten 
States are consistent with the hypothe- 
sized production function with coefficient 
a>0, then he can argue that surplus labor 
cannot exist at all since labor would always 
have a positive (social) marginal product 
in agriculture. Thus, the second argument 
is aimed at a stronger hypothesis (namely, 
that surplus labor cannot exist at all in 
India, with the given technology) than the 
first argument (which would only show 
that, for the range of variation in the labor 
force which the influenza epidemic en- 
tailed, there was a decline in output and 
hence there was presumably no surplus 
labor). 

At the empirical level, Schultz’s argu- 
ment is tenuous on at least two grounds. 
(i) The coincidence of results at different 
points of time (such as 1919-20 and 1947- 
48) and for different parts of India (which 
are not exactly integrated in terms of their 
land or labor markets) does not necessarily 
reveal a regularity. (ii) Furthermore, Sen’s 


[159] recalculation of the Schultz regres- 
sion, adjusting for three omitted States 
and for errors in estimation of the labor 
force, yields a labor coefficient which does 
not coincide with the coefficient in the un- 
published sample studies and the estimate 
of labor share in agricultural income. On 
the other hand, if Schultz is willing to 
concede the irrelevance, to his 1919-20 
test, of the evidence produced for sample 
villages and different periods, it would be 
possible for him to contend that his evi- 
dence is consistent, as it stands, with the 
hypothesis of an agricultural production 
function of the type: Q=A -(L)* (a>0), so 
that the Indian experience during the in- 
fluenza epidemic (even when corrected for 
statistical errors and omissions) is consis- 
tent with there being no surplus labour 
(for any labor-level altogether). In this 
connection, it is relevant to note Harwitz’s 
result, cited in Schultz [152], that if these 
Indian data are examined for the null 
hypothesis of zero marginal product of 
labor, the null hypothesis is rejected be- 
cause “the observed data have one or two 
chances in a hundred of having come from 
an uncorrelated population, under the 
rather conservative test of the null hy- 
pothesis”; and Schultz’s conclusion is 
valid (only) up to a 5% level of signifi- 
cance on this test. 

Furthermore, there are serious objec- 
tions to Schultz’s use of the influenza epi- 
demic as an experiment crucis. (1) The in- 
fluenza epidemic naturally raises doubts 
(considered to be unimportant by Schultz 
[152] in light of “medical judgments” ob- 
tained, but contested by Reports written 
at the time) about the debilitating effects 
on those who survived. This doubt is par- 
ticularly enforced when we recognize that 
the epidemic continued, in some degree, 
into 1919-20 itself. (2) It is also a matter of 
judgment, left unsettled by Schultz, whe- 
ther the lapse of just a year, with some 
continuation of epidemic conditions, was 
adequate to obtain an adequate test of 
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whether the “disorderly conditions” still 
continued and.therefore a later year might 
not have provided a better guide to the 
required. comparison. 

Quite aside from these two rather ob- 
vious objections (both anticipated by 
Schultz), which render the conclusions 
drawn from the experiment fairly tenuous, 
there are two major critiques which can be 
advanced against Schultz’s conclusions. 

. (3) Shakuntala Mehra [112] has made the 
significant statistical finding that, if we 
break down the post-epidemic agricultural 
year into the two major Indian harvesting 
seasons, rabi and kharif, then there. is 
ample evidence that the immediate har- 
vest (kharif) after the epidemic registered 
no significant decline in the output (acre- 
age) level, whereas the decline was con- 
centrated in the later, rabi harvest (which, 
in any case, fluctuates widely owing to 
seasonal factors). It would appear there- 
fore that Schultz’s inference that Indian 
agricultural output declined with the in- 
fluenza epidemic is, at best, dubious. 
In any event, Schultz’s failure to take the 
two seasons into account, and the absence 
of systematic quantitative analysis of the 
two harvests, make it impossible to attach 
any significance to Schultz’s conclusion 
‘that the Indian agricultural output de- 
clined with the epidemic. (4) There is also 
an analytical difficulty with the argument 
that decline in the agricultural output with 
the decline in the labor force implies that 
surplus labor is zero: the argument is just a 
nonsequitur, as a general proposition (as 
we have already seen). Thus consider the 
case where there is peasant family farm- 
ing, co-existing with capitalist farming. 
Let the total labor supply be such that the 
shadow wage of labor is zero: so that we 
have “surplus” labor in its fundamental 
sense. Let further the peasant family work 
under the rule that the average product of 
an individual member is equated with the 
marginal product on the capitalist farms: 
and let the PMP on the peasant family 


farms be zero. If then the labor force de- 
clines on the peasant family farms, due to 
influenza, but the shadow wage of labor 
still continues to be zero, we would have a 
higher average product on the family 
farms, therefore a higher real wage at 
which labor will be employed on the 
capitalist farms, therefore a reduction in. 
the agricultural output on the capitalist 
farms, and hence a reduction in the total 
agricultural output. Thus, we have again 
shown the compatibility of a zero shadow 
wage for labor and decline in the agricul- 
tural output as the population (labor 
force) declines, Nothing can be con- 
cluded, therefore, about the existence of 
“surplus” labor without a careful investi- 
gation of the institutional structure of the 
sector within which surplus labor is as- 
sumed to inhere.. 
(3) There have also been direct measures 
of surplus labor in India, following the 
classic methods of Paul Rosenstein~Rodan 


120 Admittedly, this result depends on the twin aa- 
sumptions (1) of the division of the given supplies of 
land (and other factors) into two groups: peasant family 
farms and capitalist farms, and (2) that the individual, 
rather than the group, on the family farm maximizes 
income. If we were to relax the second assumption, for 
example, and assume that the group maximizes income; . 
then the market would equalize the marginal products 
on both sets of farms and, with the supplementary as- 
sumption that each peasant family has sufficient income 
for subsistence from own-farming, the wage could fall 
to zero with zero SMP. In such a case, the Schultz test ` 
would be perfectly adequate, of course: zero SMP would 
imply that a decline in the labor force would not affect 
agricultural output. 

We might touch incidentally upon one particular 
critique of Schultz’s test [159] on the ground that the 
effect of influenza in causing a decline in the labor force 
is indiscriminate whereas, with a selective withdrawal of 
the labor force (from farms where there is surplus labor 
presumably), there might have been no effect on agri- 
cultural output. This argument does not seem to be 
valid. The assumption here is that the withdrawal of 
labor (in some fashion) with zero impact on agricultural 
output is necessary or sufficient evidence that there is 
zero SMP to labor in the economy. But, in the particu- 
lar example that we have used in the text, labour with-- 
drawal cannot but help reduce output even though there 
is zero shadow wage for labor: and it will make no dif- 
ference to this qualitative proposition whether the re- 
duction in the population (labor) occurs in the capitalist 
or the peasant families. Conversely, the fact that labor 
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who ranks (with Arthur Lewis and Ragnar 
Nurkse) as the early proponent of the no- 
tion of surplus labor. The procedure in- 
volved is to take detailed surveys of agri- 
cultural output and occupations at the 
village level, with a view to finding out 
whether, with unchanged agricultural 
techniques, and taking full account of the 
seasonal peaks in demand for labor during 
harvesting seasons, there exists an excess 
of labor availability over labor require- 
ments, 

This kind of exercise, in essentially the 
fashion described here, has been deployed 
in the Indian context by Bhattacharjee 
[15] for the State of Bihar, during 1957-58 
in the course of comprehensive farm man- 
agement investigations. His estimate of 
“surplus” labor, fully allowing for the 
seasonal demand for labor at peak level, 
runs up to 8.6 per cent of the labor force 
for North Bihar and 19.8 percent for South 
Bibar, on application of the Rodan method 
to male labor alone. ý 

The advantage of this method over the 
otbers (insofar as it takes into consider- 
ation all opportunities for raising output) 
is that it goes directly to the relevant ques- 
tion: namely, whether there is too much 
labor in relation to existing availability of 
techniques (which is what zero SMP or 





can be reduced on some farms without affecting their 
output may merely reflect the fact that they are totally 
isolated from the rest of the economy with own factors 
of production which are not mobile, and the shadow 
wage of labor for the sector as a whole may be positive 
(implying “absence of surplus labor”). 

We may finally note, in reference to the Schultz test, 
that on examination of the labor force and agricultural 
output data for the period of the Second World War, for 
districts in Panjab where there was a significant mili- 
tary draft resulting in declines in the labor force, there 
appears to have been (according to unpublished work 
of Manmohan Singh) no impact on the agricultural pro- 
duction in these districts. Clearly, a careful study of 
this experience (adjusting systematically for trend 
growth of output resulting from mechanization and 
impact of possible improvements in the agricultural 
terms of trade during the War) would be more fruitful 
than of the influenza episode with its possible camplica- 
tions from factors such as the impact of the epidemic on 
efficiency. , 


shadow wage of labor means). The real 
difficulty with the method, on the other 
hand, is in identifying labor requirements 
and (in particular) labor availability. The 
determination of labor availability raises 
the tricky question of how many hours of 
work should be fed into the exercise: this 
is not an easily identifiable technological 
datum. And the problem could become 
empirically intractable if we introduced 
the notion of elastic supply of labor ser- 
vices with respect to rewards.™ In prac- 
tice, the estimates have involved adjusting 
for holidays, festivals, environmental con- 
straints (e.g. ‘in the month of May the 
extreme heat makes it physically impos- 
sible for any worker to work more than six 
hours per day in the field” [15]), and then 
estimating an approximate number of 
hours which may be expected to be “nor- 
mal” as far as work is concerned. Shakun- 
tala Mehra [112] has adopted essentially 
the same approach, in making her esti- 
mates of surplus labor in India (from data 
on labor utilization for 1956-57 and on 
labor availability for 1961) : the only differ- 
ence consists in explicitly taking her 
“normal” hours from the “large, capital- 
ist” farms where such normalcy is assumed 
to obtain (on the ground that surplus 
labor, and resulting work-sharing, would 
arise only on the small farms without hired 
labor). Her estimates also point to the 
existence of significant amounts of surplus 
labor in different States (with the excep-. 
tions of Gujarat, Maharashtra and Andhra 
Pradesh). We might note, however, that 
her actual method is likely to understate 
the amount of surplus labor, in relation to 
Bhattacharjee’s [15] application of the 


41 In this context, we may note that Rosenstein- 
Rodan and his followers have always noted explicitly 
that, if those “left behind” did not in fact work the 
number of hours postulated, in view of “preference for 
leisure” or on “status” grounds, the actual removal of 
the estimated surplus labor would reduce output. The 
recent explorations of the preference-for-leisure hy- 
pothesis [158] were thus clearly foreseen by these 
economists. 
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Rosenstein-Rodan method at village level, 
because she estimates the amount of sur- 
plus labor on the farms alone: insofar as 
the landless labor also work less than the 
postulated “normal”? hours, their ‘“‘sur- 
plus” labor would be missed out. 

Having thus reviewed the literature re- 
lating to the major issues in Indian agri- 
cultural policy, we now proceed to the 
final section of our Survey, addressing our- 
selves to the foreign trade sector. 


`IH. Foreign Trade 


The Indian policy literature with re- 
spect to the foreign sector has been con- 
cerned primarily with issues raised by 
foreign aid, private foreign investment, 
and trade and exchange rate policies. 


(A) Foreign Aid 


We have already discussed, in Part I, 
the major issues raised in the Indian liter- 
ature, relating to the implications of for- 
eign aid for planning investment alloca- 
tions. The use of “aid to end aid” by a 
specified time horizon has been the frame- 
work within which some important plan- 
ning exercises have been cast. The political 
counterpart to such economic analysis has 
been the appealing notion of ultimate 
“self reliance”; its conflict with the view 
that foreign aid must continue as long as 
the income gap between the affluent and 
the underdeveloped countries is not drasti- 
cally reduced has not been noticed. At the 
same time, economists such as Sengupta 
[160] have plausibly argued that there is 
little evidence that the Indian planners 
have taken seriously their continually re- 
ceding terminal dates for the net inflow of 
aid to cease. Both the savings and the 
trade implications of such a program have 
been shown by Sengupta to be unrealistic. 

The Indian literature has also been con- 
cerned with the question of aid tying, by 
project, by commodity and by source. The 
prevalence of excess industrial capacity 
since the Second Plan has been attributed 


by many economists, including Reddaway 
[145], to the fact that the foreign aid to 
India was excessively tied to projects and 
thus led to creation of more capacity even 
when the existing capacity was not fully 
utilized” On the other hand, since the 
devaluation of June 1966, several Indian 
economists have felt that there has been 
too much nonproject, and too little pro- 
ject, aid: a viewpoint which emphasizes 
that the efficiency of the aid flow may be 
jeopardized as soon as the aid is tied, 
whether to projects or to “maintenance” 
imports. 

The source tying of aid has also been 
widely considered wasteful, although an- 
alytical work on this issue is only recent. 
While there are as yet no quantitative esti- 
mates for India, of the cost of source tying 
when switching possibilities have been ex- 
ploited, Lal [89] has recently. shown, using 
data supplied by the Imperial Chemical 
Industries, that these costs may be quite 
significant in the chemicals sector. More- 
over, at an analytical level, Bhagwati [13] 
has argued that (i) measuring the costs of 
aid tying by source via estimation of the 
excess cost of the actual bundle purchased 
may under-or over—estimate the “true” 
cost in the Hicksian sense of compensating 
variation; and (ii) a sharp distinction 
needs to be drawn between the observed 
costs and the minimum costs that would 
have been incurred if the recipient country 
were to exploit fully its switching possi- 
bilities (as, in practice, it rarely does). 
Thus, for example, with reference to the 
latter point, Bhagwati has argued that 
India’s import licensing system, which 
specifies items on licenses by source and 


_ then makes these licenses totally nontrans- 


ferable in all respects, results in double ty- 
ing (by source and specification) even 


18 On the other hand, other economists such as Bhag- 


wati and Padma Desai [14] have pointed to other, do- ' 


mestic policy induced factors which may have also ac- 
counted for such excess capacity. We discuss these 
factors later, when we survey the trade policy literature. 


when the donor country does not itself in- 
sist on commodity specification; and that 
such double tying increases the possible 
monopolistic charging of prices on aid 
financed goods beyond what mere source 
tying might have brought about.” Fur- 
thermore, both Bhagwati and Honavar 
[69], who draws. upon Indian experience, 
have highlighted important réspects in 
which the costs of aid tying by source may 
be understated by such excess cost esti- 
mates: distortions of priorities owing to 
nonavailability of priority items from a 


are exhausted; recurrent excess costs on 
maintenance, spares and inputs; social 
waste inherent in techniques unsuitable to 
local conditions, and other similar fac- 
tors.™ 

The tying of aid by commodity, essen- 
tially P.L. 480 imports, has also attracted 
considerable controversy. We have already 
discussed the literature which is concerned 
with the impact of P.L. 480 wheat imports 
upon distribution, as also production. We 
may however observe at this stage (i) that 
while P.L. 480 imports certainly reduced 
wheat prices in particular, and foodgrain 
prices in general, below what they would 
otherwise have been, ceteris paribus, and 
(ii) that wheat production, being generally 
responsive to price change, must have been 
therefore below what it would otherwise 
have been, celeris paribus, it would be a 


18 Bhagwati has shown how both priorities in respect 
of what commodity imports should be allowed and 
satisfaction of source constraints could be achieved, 
without the ill effects of double tying, merely by making 
the licenses swappable for imports of the specified items 
from different sources: $100 worth of U.K. lathes, for 
example, being turned into $100 worth of French lathes, 
and $100 worth of the French diesel engines into $100 
worth of U.K. diesel engines. / 

14 Fonavar in particular has noted how, in conse- 
quence of source tying by most donors, many Indian 
factories look like “international exhibitions’ of ma- 
chinery from different parts of the world, He emphasizes 
the fact that such a building up of plants will frequently 
ladd to maintenance and inventory costs by eliminating 
ossible economies of scale which follow from plants 
ut together more homogeneously. 





tied source when all switching possibilities - 
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nonsequitur to argue that therefore im- 
ports of wheat under the P.L. 480 program 
were “undesirable.” This question cannot 
be assessed unless a framework has been 
devised to examine the optimal prices and 
quantities of agricultural and foodgrains 
outputs, in the light of the international 
and domestic possibilities (including aid 
availability). In any case, the indictment 
levelled at P.L. 480 imports by many 
Indian economists appears to have been, 
not that aid was tied to these commodities 
beyond what Indians wanted (a possibility 
that has not been fully investigated in the 
literature’), but that the Indian govern- 
ment itself was keen to get the P.L. 480 aid 
and that the availability of such aid was 
determental to the economic interest of the 
country.) Aside from the depressing effect 
on the resource allocation to agriculture, 
which we have already touched upon, 
economists critical of the P.L. 480 pro- 
gram have alleged that the sheer avail- 
ability of such aid has prevented the 
government from pushing ahead on the 
agricultural front organizationally. Insofar 
as it can be shown that mere drive and © 
organizational energy could have increased 
agricultural productivity, and that this 
opportunity—costless gain to the economy 


18 The fact that the Indian government was often 
keen to sign the P.L. 480 agreements does not rule out 
the possibility that one, and perhaps a principal, moti- 
vation (in some years at any rate) might have been 
a recognition of the possibility that it was easier to get 
P.L. 480 aid rather than other forms of aid. 

1% Political objections to reliance on P.L. 480 aid 
have also been numerous. It is, for example, widely felt 
that the country must feed itself from domestic pro- 
duction, “Food and freedom” is the title of a reputable 
economist’s work on the problem; and it has been 
argued, again by an academic economist, that genuine 
independence is impossible if one eats foreign foodgrains| 
A more respectable political objection has been raised 
in relation to the use of counterpart rupee funds: it 
is felt that the availability of such funds, and the desire 
not to see them accumulate too rapidly, makes it possi- 
ble for the donor country to incur expenditure within 
India which would be ruled out for other, ideologically- 
oriented donor countries. This is believed by some 
critics to be the case, for example, with respect to ex- 


` penditure on Indian education out of P.L. 480 rupee 


proceeds, 
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was lost, thanks to the P.L. 480 availabil- 
ity, this would be a valid criticism indeed 
of that aid program—or of any aid pro- 
‘gram which permitted, either directly or 
through switching, foodgrains to be im- 
ported readily. However, such a case is 
empirically difficult to establish and has 
not been persuasively made so far despite 
its plausibility for many economists in the 
country.” 


(B) Private Foreign Investment 


Although private foreign investment in 
India, whether gross or net of the outflow 
of (mainly) the pre-Independence British 
investments, has been relatively unimpor- 
tant in relation to the official capital trans- 
fers, it has attracted considerable atten- 
tion from the economists. There are basic- 
ally two types of questions that have been 
asked: (1) is private equity investment 
superior to official loan transfers; and (2) 
what restrictions must be placed on the 
inflow of private capital, from the view- 
point of social welfare? 

(1) The first question is somewhat aca- 
demic in view of the fact that private in- 
vestment and official transfers have hardly 
ever been substitutes in Indian planning: 
official transfers have nearly always been 
accepted to the full amount offered and 
private foreign investment has always 
fallen short of levels projected in the 
official documents. Any choice between 
them is therefore unreal. Nonetheless, Raj 
[135] has raised this question at an aca- 
demic level in the Indian context, 
prompted by the attempt of the Finance 
Ministry and private industrial interests 
to liberalize the rules on private foreign in- 
vestment on strength of the argument, 
among others, that private equity invest- 
ment is less expensive than official loan 


7 A notable sceptic of this argument, and the general 
thesis against the advisability of P.L. 480 imports, is 
Dantwala [34]. On the other hand, a different, though 
not overly critical view, is presented by Streeten and 
Hill [166]. 


capital. The rather strange proposition 
which Raj has criticized involves asserting 
that “since in the case of loan capital... 
both the principal and interest have to be 
paid over a defined period it is more 
economic, from the point of view of saving 
foreign exchange, to depend on foreign 
equity capital from private sources since 
only remittances of profits have to be met 
in foreign exchange and these too will be- 
come large only after the enterprises con- 
cerned have matured and begun to yield 
large profits.” [135, pp. 21~22]. Raj has 
countered this view by examining the 
actual rates of return on equity capital 
which are available for India and else- 
where, against the average terms of official 
aid. In any case, it does not seem sensible 
to argue that aid terms which conceal 
varying amounts of real transfers of re- 
sources should work out in general to be 
less attractive than commercial terms (or 
equity capital) if one evaluates the alter- 
natives in terms of an objective function 
other than the unacceptable one of reduc- 
ing the short-run outflows of interest and 
amortisation. 

(2) The question of the restrictions on 
private foreign investment has raised at 
least two issues of wider interest. 

(a) Should there be any restrictions on 
the areas which private investment could 
enter? While such restrictions have often 
been urged on political grounds, several 
economists have also sought them for 
economic reasons. The notion that private 
foreign investment should be confined to 
only the “priority” areas has been wide- 
spread in policy discussions. However, this 
view must be qualified in three ways. (i) 
Insofar as the investment consists in buy- 
ing up existing capital stock, even in non- 
priority areas, the inflow of foreign ex- 
change can always be utilized for “pri- 
ority” uses. (ii) If the investment involves 
fresh creation of capacity in “low-priority” 
sectors, again it must be remembered that 
if the overall Plan allows for the creation 





t 
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of such capacity anyway, it does not 
matter whether foreign or domestic in- 
vestment goes into it. (iii) Where, how- 
ever, the foreign investment, is being 
offered for areas which are “nonpriority” 
and hence ruled out from domestic produc- 
tion and availability, there is a real 
dilemma which cannot be resolved unless 
again the economist is prepared to esti- 
mate the cost (if any) of foregoing the act 
of foreign investment—assuming that the 
alternative is the loss of this capital in- 
flow—and ask the planner or the politician 
whether the presumed noneconomic ad- 
vantages from ruling out such commodi- 
ties from domestic production or avail- 
ability outweigh these economic costs.) 

On the other hand, some important fac- 
tors in the Indian context have made 
governmental restrictions on the entry of 
foreign capital into specific areas neces- 
sary. (i) Since, as we shall presently see, 
the Indian trade regime has worked on the 
principle of automatic grant of protection 
to domestic industries, combined with re- 
strictions on domestic entry operated 
through industrial licensing, monopoly 


rents accrue to investments in several - 


activities. Hence, there exists a second best 
case for regulating entry into areas where 
the monopoly rents are likely to make the 
returns to foreign capital exceed its social 
marginal product.” (ii) Furthermore, in a 


48 Cf. Bhagwati and Desai [14] on these and the 
other issues we review in the text. 

8 Tn relation to this question of domestically created 
monopoly, Bhagwati [11] has also argued that, where 
components are sold for assembly, the monopoly profits 
may be made by “overpricing” the components along 
with raising the product price to a monopolistically— 
profit-maximizing level. This has the dual advantage of 
making the latter price look “reasonable” (since the 
costs can be shown to be higher this way) and also 
masking the-repatriation of profits (which otherwise 
attract hostile attention). Another aspect of such a 
phenomenon is that [12] [14] the economist may then 
observe “value subtracted” or negative value added at 
international prices, such an observation implying 
then, not that the process is not worthwhile 4 itself, 
but that its possible contribution to national income is 
outweighed by the monopolistic “exploitation” by the 
investor. 


system reliant on foreign aid for mainte- 
nance imports, significant linkages can 
exist between the level of aid inflow and 
the level of inflow of private capital? 
Foreign investors often become powerful 
pressure groups for increasing aid for 
maintenance imports to keep their capaci- 
ties better utilized and hence their invest- 
ments more profitable. In Indian experi- 
ence, aid loans have thus been secured 
from donor countries, with commodity 
specification combined with provisions for 
allocations to the firms from these donor coun- 
tries. In such a case, provided such pro- 
visions are effective despite switching pos- 
sibilities, there may exist again a case for 
ensuring that private foreign capital flows 
into “priority” areas so that the attendant, 
discriminatory aid allocation is biased to- 
wards, rather than against, the priority 
sectors. Thus, there are both domestic and 
foreign policy distortions which may make 
regulation of the sectoral composition of the 
private capital inflow desirable. (iii) Yet 
another argument which has come up in 
Indian discussions, for regulating the in- 
flow of capital into certain sectors, follows 
from the fact that the foreign investing 
interests in some sectors are monopolistic, 
as in oil, and governmental intervention 
may help to increase the net payoff ac- 
cruing to the country from the proposed 
act of investment. This is a case where 
governmental intervention becomes nec- 
essary, not because of policy induced dis- 
tortions, but owing to the presence of en- 
dogenous distortions (such as the fortui- 
tous presence of monopoly power). How far 
such governmental regulation is likely to 
help is of course an issue on which one 
might be sceptical; this is part of the more 
general problem arising when, as Dudley 
Seers has shrewdly put it, “small coun- 
tries” face “big companies.” 


190 Hence, private capital inflow may have an external- 
ity effect in the form of additional aid flow, thus in- 
creasing the optimal level at which private capital 
would be useful to have. 
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(b) Another area in which governmental 
regulation has been proposed by several 
Indian economists relates to the occasional 
imposition by foreign investors, on their 
local counterparts, of a contractual pro- 
hibition of export to third markets. Kidron 
[77] has perceptively noted that the bulk of 
the new quantitative—restrictions~jump- 
ing foreign investment in India is by firms 
who wish to retain their Indian sales with- 
out jeopardising their third couniry exports. 
This is also the case with firms which are 
basically selling both technology and pro- 
duct, who while selling knowhow to India 
wish at the same time to safeguard their 
export of products to other markets. In 
either case, the effect is to interfere with 
India’s export potential, particularly as 
India is increasingly relying at the margin 
on the exports of her newer manufactures, 
Economists such as Raj have therefore 
pressed for the prohibition of clauses re- 
stricting exports from India. 


(C) Trade and Exchange Rate Policies 


The literature on India’s trade and ex- 
change rate policies, involving the entire 
effective exchange rate system, has also 
raised some issues of general interest. 
Among other things, it has cast additional 
light on the drawbacks of a regime involv- 
ing continued reliance on quantitative re- 
strictions (especially when operated so as 
to provide automatic protection) and a 
pattern of reluctant exchange rate adjust- 
ments, 

Import Controls: Beginning essentially 
with the 1956-57 foreign exchange crisis, 
India has been on a strict import and ex- 
change control system. Furthermore, this 
system has been administratively operated 
(at least until the June 1966 devaluation of 
the Indian rupee) such that (1) all indus- 
strial capacity creation has been regulated 
by industrial licensing, extending to the 
so-called CG licensing of imported capital 
goods and (2) most input and raw material 
allocations have been allocated via the so- 


called “actual user” (AU) licenses, di- 
rectly to producers.’ 

The allocations under the AU category, 
to which in particular considerable atten- 
tion has been directed by economists [162] 
[14], have been worked on two basic prin- 
ciples: (i) “essentiality” and (ii) indige- 
nous nonavailability”. For every AU im- 
port, some specified agencies of the govern- 
ment must certify that they are “essential” 
for production and that they are not avail- 
able from domestic sources. Since the lat- ` 
ter principle has been operated virtually 
without reference to the cost of domestic 
production, it has amounted to giving 
automatic and anticipatory” protection to 
domestic industries. Panchmukhi,; Bhag- 
wati and Padma Desai [126], who have 
estimated the resulting effective rates of 
protection, for different Indian industrial 
processes for 1961 and 1962, have found 
these protective rates going up to levels as 
high as over 10,000 per cent, with others at 
almost as high negative values: the range 
thus being enormous. These results merely 
underline the totally unpredictable, ex- 
treme and often bizarre nature of protec- 
tion given by a QR-regime operated on the 
principle of automatic protection.” In 
this connection, the devalued role of the 
Tariff Commission, whose work has been 
studied in depth by Padma Desai [44], and 
the critique of the new era of indiscrimi- 
nate protection through QR-policy in his 
Presidential Address to the Indian Eco- 
nomic Association by Lakdawala [87], are 
of some interest. 

Bhagwati and Desai [14] have further 
noted that the principle of automatic pro- 
tection issuing from QR’s creates a bias in 


m Tn addition, of course, there have been licenses for 
export promotion under the import entitlement schemes, 
and other minor categories. For detailed description, see 
Shourie [162] as also Bhagwati and Desai [14]. 

™ Panchmukhi, Bhagwati and Desai [126] also 
raise some conceptual questions of importance relating 
to the notion of effective protection when the calcula- 
tions are based on import~premia-determined implicit 
rates of tariff. rare 
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favor, ceteris paribus, of industries with 
imported, as distinct from domestically 
produced, inputs. Insofar as the quantity of 
import allocations tends to be inversely 
related to the availability of indigenously 
produced inputs, under such a system, 
there would result a bias in the effective 
incentive provided to the processes using 
-relatively more imported inputs: they 
would be able to get relatively greater al- 
locations of imports under AU licenses and 
hence obtain these inputs at import- 
premium—exclusive prices (which would 
include only the explicit tariff duty) 
whereas the other industries would have to 
buy import substitute, indigenous items at 
premium inclusive prices (since these 
items would fetch a price equal to the c.i.f. 
` price plus the import premium). The effec- 
tive incentive given to the former in- 
dustries or processes would thus be greater, 
ceteris paribus. 

Furthermore, aside from the traditional 
discussion of delays, lack of coordination 
among different licensing agencies and 
similar administrative deficiencies which 
reduce the efficiency of a QR-regime, the 
Indian import control policy has also been 
alleged to have operated, in the ultimate 
analysis, without any economic criteria 
[14] [162]. Economists investigating these 
criteria have argued that these are rarely 
defined; that (in view of the multitude of 
activities which demand these import al- 
locations) they could hardly be defined; 
and that in practice rules of thumb have 
had to be used, these rules often (though 
not always) taking some notion of “equit- 
able” distribution as the operative guiding 


18 Whether even the Mahalanobis-type strategy has 
been consistently followed in this area has been a matter 
of some controversy. Hazari [68] has argued for instance 
that Indian luxury goods production (and hence con- 
sumption) has been allowed to absorb, directly and in- 
directly, a fraction of the available foreign exchange 
which is not negligible. Of course, whether the luxury 
expenditure would not otherwise have been diverted 
into other areas where it might have cut into exports, 
for example, needs to be investigated in order to arrive 
at a more adequate picture. 


principle. This finding has its counterpart 
in the conclusions of the Raj Committee’s 
Report of Steel Control [178], and indeed 
in nearly all the empirical studies relating 
to the working of the controls of scarce 
materials, 

Concerning the particularly widespread 
rule of thumb which related the AU allo- 
cations of materials to installed capacity, 
it has further been argued [14] that this 
procedure creates a bias towards the crea- 
tion of capacity despite the underutiliza- 
tion of existing capacity. This may be be- 
cause an entrepreneur who wishes to ex- 
tend capacity utilization may not be able 
to do so as legal access to more materials is 
virtually ruled out by the import licensing 
system (except since recently, on a limited 
account, through the import entitlement 
licenses marketed by exporter). However, 
even if access to such materials were freely 
available, the fact that additional capacity 
installation would result in pro rate grant 
of import-premium-exclusive imports un- 
der AU licenses whereas additional utiliza- 
tion of existing capacity must be through 
purchase of import—premium—inclusive ma- 
terials from the market, would bias the 
choice at the margin in favor of the former 
course. 

Moreover, the fact that the reliance on 
QR’s also implies a loss of “revenue,” in 
relation to an import rate change which 
would mop up the premium, has. been 
among the principal motivating factors 
behind the Indian literature proposing an 
exchange auction system, which was sug- 

iH In this general connection, the following quote 


from Raj Committee [178] is particularly revealing: 
“As regards priorities, the Iron and Steel Controller 


‘gives different ratings of priority according to the na- 
‘ture of each case. Thus some indents receive ‘over-rid- 


ing’ priority and others ‘top priority’; the categories of 
priority have further proliferated and we understand 
that there is now even a category of ‘red hot priority’! 
As already pointed out, the Iron and Stee! Controller’s 
Office does not have with it data relating to outstanding 
orders with the producers classified according to priority 
and non-priority indents... there is no systematic 
checking as to whether the priorities are in fact being 
respected by the producers.” 
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gested by Bhagwati [5] after examining its 
compatibility with Indian planning ob- 
jectives, and the alternative proposal to 
use tariffs more freely for this purpose, as 
indeed Indian budgets have recently been 
designed to do. 

Export Policy: However, these propo- 
sals will not directly moderate, or elimi- 
nate, the disincentive against exports that 
an over-valued exchange rate constitutes. 
The governmental measures aimed at 
eliminating this bias against exports have 
taken the form principally of import en- 
titlement schemes (under which premium 
earning import licenses are given to eligible 
exporters on a pro rata basis related to 
f.o.b. export values). These schemes have 
come in for scrutiny from economists such 
as Gulati [60] and Bhagwati [12]. The ad 
hoc manner in which the resulting export 
incentives were granted to a whole range of 
industries has been argued to have provi- 
ded a parallel to the “indiscriminate” 
protection from imports conferred on do- 
mestic production by the QR’s. The allo- 
cative inefficiency of these schemes as 
export promotion measures has been un- 
derlined by pointing to the extreme phe- 
nomenon of negative value added (at in- 
ternational prices) which can and did arise 
in the Indian context, thanks to the differ- 
ence between the f.o.b. value of exports 
and the c.i.f. value of imports (and im- 
port substitutes) being made up by export 
subsidies [12]. 

Exchange Rate Policy: An appreciation 
of these and other inefficiencies underlying 
the governmental policies designed to 
simulate, but avoid, a formal devaluation 
via export subsidies and tariffs has 
prompted some Indian economists to press 
for formal parity changes. While the 
economists’ attitudes towards devaluation 
have undergone a change on the Indian 
scene, simultaneously with a greater ap- 


18 An extended evaluation of the entitlement schemes 
from the viewpoint of their economic efficiency is con- 
tained in Bhagwati and Desai [14]. 


preciation of the role of the price mech- 
anism even in a socialist framework,™ 
there has been a certain degree of scepti- 
cism about the timing of the devaluation 
in June 1966 and a much greater degree of 
political opposition in view of the fact that 
the pressure for it was brought largely by 
the donor countries through the I.B.R.D. 
Aid Consortium (even though all influen- 
tial economists within the country were by 
no means opposed to the measure). The 
second, severe agricultural drought which 
overlaid the devaluation must have led to a 
significant rise in the domestic prices of 
agricultural and agriculture—-based items, 
which in turn impeded any significant im- 
provement in exports, thus creating the 
impression that the devaluation had 
caused the rise in prices and had failed be- 
cause exports continued to stagnate. In 
point of fact, it is arguable that many 
Indian exports would have been priced out 
internationally were it not for the devalua- 
tion, as the price rise was largely thanks to 
the second drought and thus autonomous 
of the exchange rate change.” Unfortun- 
ately, no serious empirical analysis of this 
important policy decision has yet been 
forthcoming, the field having been left in 
the popular debate to economists whose 
analysis leaves much to be desired'® but 


188 Raj’s [136] thoughtful piece on this general prob- 
lem makes interesting reading. The controversy in 1962 
between Bhagwati [7], who argued for a freer use of 
exchange rate changes in the shape of a devaluation, 
and Bardhan [1] and Dasgupta [38] who argued the 
opposite case, is also of some interest in this general 
context. Bardhan’s general position that a devaluation 
can be simulated by equivalenti import duties and export 
subsidies, and hence is not necessary, has been later 
discussed i in Bhagwati [12]. 

WW Further, the reduction of overinvoicing of exports 
of the newer manufactures, whose export subsidies were 
withdrawn with the devaluation (as part of the general 
rationalization, the meé devaluation being therefore 
much less than the apparent one), must also be con- 
sidered. The devaluation must also be judged as a mea- 
sure of rationalization, the older methods of de facto 
devaluation having been largely scrapped with its in- 
troduction. 

us Thus, for example, it is not uncommon to compare 
the twelve-monthly returns smmediately after the June 
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whose critical views have been expressed 
with considerable conviction. 


IV. Concluding Remarks 


In conclusion, it is perhaps worth em- 
phasizing the selective nature of our Sur- 
vey. We expect, however, to have re- 
viewed much of the policy literature with 
an analytical base and related literature 
that has developed against the backdrop 
of policy issues.1% 

It is clear that the Survey highlights 
both the similarity of the Indian analyses 
of policy issues with that in many other 
developing countries, as also some striking 
differences endemic to the Indian economy 
and scene. On the one hand, we have noted 
the concern of Indian economists with 
familiar issues such as trade and exchange 
rate policies, foreign aid and private for- 
eign capital, and response of agricultural 
production to price change. On the other 
hand, the structural planning models, the 
analysis of choice-of-technique problems 
on the assumption of a labor surplus 
economy and the debate on foodgrains 
policy in terms of sonal restrictions (em- 
phasizing India’s federal setup) underline 
the somewhat uncommon character of 
India’s economy and political structure. 





devaluation with the preceding twelve months, with no 
awareness of lags. Nor is any notice taken of the factors 
mentioned in the text and in the previous footnote. Nor 
is there any awareness of the fact that, at least for 
three months subsequent to the devaluation and the 
attendant elimination of the import entitlement 
schemes for exporters, the Minister for International 
Trade was keen to restore these schemes and went 
around saying that he would succeed in doing so: the 
effect of this on the export performance in the period 
after the devaluation should not be ignored. 

1% Among the issues which have been prominent, but 
which we have decided to omit from the Survey, are 
(1) whether income and wealth inequalities have been 
accentuated during the three Plans, with related ques- 








tions about the trends in the real income of agricultural 
landless labor and in the concentration of industrial 
capacity and invested capital in the hands of a few top 
‘industrial houses,” and (2) whether decentralization 
in rural administration and planning, via the so-called 
Panchayats Raj system, has been beneficial for agri- 
cutlural planning and growth [62]. 
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Economic Policy Discussion and 
| Research in Israel 
By Napav Hatevi* 


The economic policy issues in Israel and 
the discussions they aroused must be 
viewed against a background of the eco- 
nomic development of the country. This 
cannot be surveyed here,! but a very brief 
indication of the salient points and of re- 

lated policy issues may not be amiss. 
` After gaining its independence in May 
1948, Israel embarked on an economic 
policy marked by large scale immigration 
and the need for rapid economic develop- 
ment to absorb the new immigrants. 
Though Israelies often describe Israel as a 
country steadily receiving a heavy flow of 
immigrants, in fact mass immigration was 
restricted to the 1948-51 period, during 
which the Jewish population doubled. 
Thereafter, the volume of immigration has 
fluctuated, never attaining the previous 
levels, but sufficient to make Israel a 
country of relatively rapid population 
growth, about 3-4 per cent annually after 
1951. A commitment to unrestricted Jew- 
ish immigration involved a commitment 
to rapid development, recognized as the 
valid responsibility of government. Thus, 
most of the population has not looked ad- 
versely at the high level of government 
intervention, manifest in continuous ex- 
change control, price control and rationing 
for several years, a relatively large budget, 


* I am grateful to A, L. Gaathon, Harry G. Johnson 
and a number of my colleagues at the Hebrew Univer- 


sity for helpful comments on an earlier draft of this sur- 


vey. 

1 There are a number of general surveys of Israel’s 
economic development in English, among them [120, 
65, 162}. 


75 


and direct public activities in many eco- 
nomic branches. But the way the govern- 
ment went about the mobilization and 
allocation of resources for absorption of 
the immigrants aroused continuous dis- 
cussion. 

An ambitious development program was 
undertaken. It was initiated by inflation- 
ary finance, but soon the major sources of 
financing capital formation were foreign 
aid, private and public grants, loans and 
investments. The resulting economicgrowth 
has been substantial: real GNP increased 
at an average annual rate of over 11 per 
cent and GNP per capita at over 6 per 
cent, despite two recessions in 1952-53 
and 1966-67. Whereas unemployment was 
high in the early years, it started to decline 
in 1954, reaching virtual full~-employment 
in 1965; after an increase in unemployment 
in 1966, unemployment is once again 
rapidly disappearing. In terms of growth 
of product, rising standards of living and 
attainment of full-employment, Israel’s 
achievements have been truly remarkable. 

Two shadows have been cast on these 
achievements, One is the almost continu- 
ous inflationary experience; the other is the 
continued current account balance of pay- 
ments deficit, which though financed by 
substantial flows of unilateral and capital 
transfers, has been regarded by many as a 
problem. The persistence of these two 
problems, despite unceasing official com- 
mitment to mitigate if not eradicate them, 
has engendered continuous debate on their 
nature and the efficacy of economic policy. 


76 THE AMERICAN ECONOMIC REVIEW 


The policy issues surveyed in this article 
have been selected more for their impor- 
tance in Israel’s economic literature than 
for their intrinsic importance. The sub- 
jects considered are: economic planning, 
capital inflow and the import surplus, 
foreign exchange rates, inflation, and very 
briefly, agricultural policy. 

Before commencing the actual survey, 
some comments may be made on econo- 
mists in Israel. In the pre-State period 
Israel was not overly endowed with people 
concerned with economic theory and re- 
search, though some important research 
was done and a number of influential 
economists and many more successful men 
of economic affairs were at work, not a 
few of whom pursued their work after 
1948. The economists among them were 
predominantly of Central European origin 
and training. With the development of the 
Hebrew University’s Economics Depart- 
ment, a whole new generation of econo- 
mists has emerged. Some of these have 
pursued advanced training abroad, but 
even the majority who are exclusively 
locally trained received an economics ed- 
ucation which is basically what is standard 
economic thinking in the English speaking 
countries. The development of the De- 
partment of Agricultural Economics and 
economics departments at newer univer- 
sities has continued and expanded this 
trend. The economic literature thus reflects 
` the opinions of many active men of affairs, 
most of whom are self-taught or were 
formally trained many years ago, and 
those of many younger economists who, 
though differing in interests and opinions, 
share very similar educational back- 
grounds. 

The economists holding positions at the 
universities have generally done post- 
graduate training in the United States or 
England; their interests are generally the 
same as those of their fellow students 
abroad. Some have contributed to the 


theoretical literature, and some publish 
abroad exclusively. Others have devoted 
much of their research to the Israel econ- 
omy, each in the field of his theoretical in- 
terest. Since the first group is not repre- 
sented in this essay, what must emerge is a 
biased view of economic thought in Israel. 
It is probably fair to say that the impor- 
tance of immigration for Israel is reflected 
in the relatively large number of young 
economists interested in research on hu- 
man resources. In research on income dis- 
tribution, labor force participation, em- 
ployment, consumption and saving habits 
interest is focused on differences between . 
veterans and new immigrants and be- 
tween immigrants from different con- 
tinents. Much of this work is also unfairly 
ignored by this survey. be 

Economic debate in Israel takes many 
forms: all the daily newspapers give wide 
coverage to economic matters, there are 
several economic journals and annuals and 
there are frequent symposia and public 
discussions. This survey has entirely ig- 
nored the daily press, and concentrated on 
publications in journals and monographs; 
inter-departmental government memo- 
randa are referred to only in selected cases, 
when the subject received wide circulation 
and aroused comment. One final introduc- 
tory remark: the local literature is sur- 
prisingly extensive; references have been 
selected on the basis of historic priority or 
because they present good examples of 
certain opinions. No attempt is made to 
provide exhaustive coverage. 


I. Economic Planning 


Planning has been chosen as the first 
topic because it was the first major issue 
aroused by the need to cope with mass 
immigration, and because changes in the 
objectives of planning closely reflect 


- changes in economic problems. The term 


economic planning means different things 
to different people. To some it means prep- 
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aration and implementation of detailed 
plans. Although agricultural settlement, 
water development and public housing— 
sectors very much subject to the control of 
government and public institutions—have 
been extensively “planned” in this sense, 
there has not been any such national 
economic planning. There has been con- 
siderable planning in the sense of fore- 
casting desirable economic developments 
and pointing out the interrelationships 
between developments in various sectors 
and the role of economic policy. Actual 
developments often did not conform to 
these plans, for any or all of these reasons: 
the basic assumption of the plans proved 
unrealistic, the plans were poorly pre- 
pared, or insufficient efforts were made by 
| policy makers to implement the plans. 
Finally, there has been considerable “plan- 
ning” in the sense of adopting criteria for 
choosing between alternative development 
projects. This section considers separately 
long-term national planning, short~term 
national planning, and investment criteria. 


A. Long-term Planning 

During the pre-State period, it was felt 
that much faster economic development 
could be achieved if the Jewish Commun- 
ity had the tools to implement long-term 
plans. The Jewish Agency had a plan 
drawn up by Gruenbaum in 1946,? but 
could offer it only as a justification of its 
argument that Palestine could support 
large-scale immigration. When Israel 


most automatically that development 
would be planned. The Prime Minister se- 
lected Gruenbaum (Gaathon)—clearly the 
most qualified man for the job’—to pre- 


2L, Gruenbaum, Outline of a Development Plan for 
Jewish Palestine, Jewish Agency, Jersualem, 1946. . 

3 Gruenbaum had not only already prepared a de- 
velopment plan, but in doing so had used the concept of 
a dozen sector input-output model which he had in- 
dependently developed in the 1930’s. (L. Gruenbaum, 
National Income and Outlay in Palestine 1936, Jewish 
Agency, Jerusalem, 1941.) 





gained independence, it was assumed al- 


pare a development plan. A four-year plan 
for 1950-53 was prepared [62]. The strong 
point of the plan was that it pointed up the 
interrelationship of the eight production 
branches, and final use sectors, and the 
input sectors. The main deficiencies of the 
plan—some of which Gaathon himself 
later discussed [49]—were in the assump- 
tions, the targets, the available data, and 
most important, in its implementation. 

Gaathon was told to build a plan on 
the assumption that 750,000 immigrants 
would be added to the population in the 
four years covered. In fact, net immigra- 
tion was less than half that amount, and 
practically entirely in the first two years, 
thus, a crucial assumption proved correct 
for only the first half of the period. Over- 
optimistic estimates of immigration have 
plagued every subsequent plan as well, but 
the quantitative importance of the error 
was of course greatest in this first plan. 

Gaathon was given several targets— 
goals whose attainment was quite un- 
realistic. Thus, he had to allow for full- 
employment, a curbing of the balance of 
payments deficit, and most unrealistic, the 
absorption of twenty per cent of the popu- 
lation in agriculture, all at the same time. 
He had no up-to-date data on national 
income, and none at all on capital and pro- 
ductivity. After processing the plans of all 
ministries through his intuitive grasp of 
the basic economic workings of the econ- 
omy, Gaathon was able to come up with a 
plan which was not a bad forecast for the 
first two years [46]. 

The main failure of the plan was that no 
attempt was made to implement it; gov- 
ernment ministries were unwilling to give 
up their prerogatives. The implications of 
separation between planners and. plan 
implementers were understood by future 
planners; but they too failed to bridge this 
gap. 

The desire to plan remained strong, and 
the need for planning became more acute 
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in the early 1950’s, as foreign aid pro- 
vided large sums for investment and the 
question of how utilize them became para- 
mount. This was one of the main reasons 
for setting up an Economic Advisory 
Staff in 1953. This was a group of foreign 
and local economists, headed by Oscar 
Gass and Bernard Bell. However, Gass 
and his associates felt that neither the 
existing data nor the economic and insti- 
tutional structure at that time were con- 
ducive to effective planning. Thus, though 
the Economic Advisory Staff did much to 
influence economic thinking, it did not 
prepare a new plan. Yet while with the 
Staff, Gaathon prepared a ‘‘model’’— 
which he was careful to describe as neither 
a plan nor a forecast, but only a model to 
show the implications of a drastic reduc- 
tion in capital imports between 1955 and 
1963 [44]. Here too is evident an unrealistic 
target: the model considered the effect of a 
reduction of long-term unilateral transfers 
and net capital inflow to $50 million in 
1963; the actual 1963 figure turned out to 
be $185 million. Considerable underesti- 
mation of future capital inflows have 
marked all subsequent plans as well. 
Gaathon also used his model to examine 
what would be the effects of a sudden in- 
crease of immigration to 100,000 in 1957 
[45]. Considering reasonable changes in 
import components, and taking foreign 
aid as exogenous, he estimated’ the re- 
quired increases in exports, and concluded 
—as did every subsequent forecast and 
model—that strong fiscal policy measures 
would be necessary to transfer the re- 
quired amount of resources to investment 
and -exports.* 

In the late 1950’s, interest in planning 
was once again aroused, this time mainly 
as a result of a belief in development plan- 


‘ Thereafter Gaathon concentrated on improving the 
data on capital and productivity [48, 51}, the absence 
of which had so hampered his earlier work [62]. 


ning evidenced by U.S. foreign aid officials. 
The Bank of Israel Research Department, 
with some help from the Ministry of Fi- 
nance, started to prepare a five-year de- 
velopment plan. For this purpose, H. B. 
Chenery spent some time in Israel as an 
adviser. The results of this work were the 
preparation of a detailed input-output 
model of the economy, the preparation of 
annual forecasts-plans (discussed in the 
next section) and a long—term plan. 

At this time there appeared a series of 
articles discussing the rational of planning, 
amongst which Guelfat [63], Merhav [103] 
and Kochav [87] deserve mention. Guelfat, 
starting from a Marx-Schumpeter devel- 
opment theory, assumed planning to be a 
necessity, and criticized the Bank of 
Israel’s over—concentration on problems of 
inflation and money. He stressed that 
planning is more than a compilation of 
partial plans, and the consequent need for 
the public sector to take the initiative; the 
influence of the public sector would spill 
over into the private sector. Merhav also 
stressed the necessity of strong govern- 
ment initiative, but his main reason was 
that the undirected private sector could 
not be expected to invest in the industries 
with export potential. Kochav pointed 
out the distinction between long-term and 
short-term planning, the latter being 
limited by the existing economic structure, 
and the necessity of quantification of al- 
ternatives for both. Like Merhav, Kochav 
found the justification for national plan- 
ning in the divergence between private and 
social profitability and the inability to rely 
on the distorted existing price system. He 
added the fact that the structural changes 
needed in the economy were major and 
not marginal. Accepting government inter- 
vention in the economy as necessary, 
Kochav argued that it would be pointless 
unless integrated by means of an overall 


‘plan. 
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The Bank of Israel’s approach to plan- 
ning was set forth in a series of working 
papers, and in two articles, by Zussman 
[151] and by Chenery and Bruno [30]. 
Zussman pointed out that the deficiencies 
of earlier partial plans lay not in their con- 
struction but in the absence of integration, 
and the main failure of Gruenbaum’s plan 
was its divorce from the everyday eco- 
nomic activities of government. The new 
approach was designed to avoid these pit- 
falls. Government departments presented 


their plans and requirements; the planners 


examined these to see if they matched each 
other, in terms of input-output analysis, 
and if they added up to the goals set for the 
planners and the funds available for in- 


vestment. A protracted give and take was _ 


envisaged, whereby the plans would be 
accepted as an integral part of each min- 
istry’s economic activities. Zussman also 
set out the main goal of the plan: to meet 
a decline in capital inflow to $200 million 
in 1964.5 Assumptions as to population 
increase, changes in productivity and in- 
vestment requirements led to estimates of 
GNP, required imports and necessary ex- 
ports. Consumption was obtained as a 
residual. 

A more formal development model 
was presented by Chenery and Bruno. 
Though their article presented only the 
aggregate model, the data were based on 
the multi-sector disaggregated input- 
output analysis. Their model considered 
three constraints on growth: the avail- 
ability of labor, capital and foreign ex- 
change. A major contribution of this article 
was to show how capital inflow affected 
two constraints: savings and foreign ex- 
change. Accepting the pessimistic outlook 
for capital inflows (with some allowance 
for variation), they took into considera- 
tion several alternative assumptions as to 


š The tremendous increase in capital inflows in the 
. 1960's was not foreseen at this time. 


increases in output per worker, the rate of 
saving, and the effective exchange rate.® 
The main point of the model was to show 
the policy alternatives that could be feasi- 
ble, that is, would satisfy the equations of 
the model and fall within the predeter- 
mined limits as set by the various con- 
straints. Both the Zussman and Chenery— 
Bruno articles stress the educational as- 
pects of planning: showing policy makers 
the implications of various choices and 
goals and policies. There was renewed 
optimism about the political feasibility 
of planning, because unlike earlier plans 
and models, attainment of the set goals 
was now shown to be possible without 
curtailment of per capita consumption, but 
merely with moderation of the rate of its 


- increase. 


In 1962, the preparation of a national 
plan was transferred to a newly created © 
Economic Planning Authority, set up first — 
as part of the Ministry of Finance, and later 
as part of the Prime Minister’s Office. 
The work of the Economic Planning 
Authority was in fact a continuation of the 
process described by Zussman: setting 
goals, receiving individual plans, checking 
their interrelationships and consistency 
with the aggregate model, and continuous 
feedback. The goals given to the planning 
authority were again the achievement of 
full employment with substantial growth, 
subject to the restraint of a drastically re- 
duced capital inflow [161].7 The actual 
preparation of plans during these years 
was not basically different from Gaathon’s 
models; what was different was the level of 
sophistication made possible by a greatly 
broadened statistical base. In contrast to 
the early years, there were now available 
detailed estimates of national income and 


$ Its effect was limited to increasing import-sub- 
stitution and exports. ee 

7 Again, the expected reduction of capital inflow and 
annual rate of immigration were greatly exaggerated. 
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` expenditure, a detailed input-output ta- 
ble,’ Gaathon’s estimates of capital stock, 
depreciation and productivity, and Livia- 
tan’s studies on saving and consumption 
patterns [163, 98]. The level of sophistica- 
tion now made possible is illustrated by 
Merhav’s study of how immigration af- 
fects the economy [104]. Merhav estimated 
the investment requirements for units of 
10,000 immigrants, their addition to the 
labor force and effect on productivity, 
their demand for particular goods, the de- 
rived demand for investment in various 
branches, and the final. effects on output 
and the balance of payments. 

However, actual planning did not follow 
the direction set out by Chenery and 
Bruno. As mentioned, their article was 
concerned with pointing out policy alter- 
natives; it concentrated on aggregates and 
used the interindustry analysis to make 
point forecasts. Bruno extended this work 
in a series of papers [25, 26]. He built a 
thirty sector programming model for the 
economy which focused on optimization of 
consumption.? The model solves for all 
shadow prices, including that of foreign 
exchange; the marginal productivity of 
capital inflow is measured in terms of in- 
creased output (or consumption), These 
models were static, focusing on a future 
point in time. Bruno, with Fraenkel and 
Dougherty [27], converted them to dy- 
namic models, taking into account the 
time-path of development.’° But the 
official planning has moved in the other 
direction: fixing major goals and grinding 
out their implications, without allowing for 


3 For 1958; only in 1968 did the Bank of Israel start 
work on preparing a new table, for 1965/66. 

’ There is thus a switch in objectives, from pointing 
out policy alternatives to showing optimization at a 
future point in time. 

‘10 A basic problem of the official plans is that they 
assume steady development; for example, the average 
rate of GNP increase expected between 1963 and 1967 
(about 10 per cent) turned out to be realistic, but this 
period consisted of two years of faster growth followed 
by stagnation. 


flexibility or even examining alternative 
assumptions as to goals or means. 

The plan prepared in 1962 was not put 
into operation; a new Minister of Finance 
had assumed office, one less committed to 
the concept of overall national planning. 
In 1967, the work of the Economic Plan- 
ning Authority was revived, and a new 
long-term development plan was prepared 
[162]. Though the planners followed the 
general method used for the earlier plan, 
they were less concerned with checking the 
internal consistency of the various plans 
by use of interindustry analysis, and less 
inclined to challenge the initial plans pre- 


-pared by the ministries. Individual plans 


were correlated, within the overall re- 
straints set out as policy objectives; a 
tremendous marginal saving rate was ob- 
tained as a residual. No specific policy 
measures to obtain such unrealistic mea- 
sures were examined or even suggested. 
Like all the other plans (including Bruno’s 
model), the latest plan is in real terms; the 
price level is not dealt with and no allow- 
ance is made for the possible effects of in- 
flation or changes in relative prices, in- 
cluding the exchange rate.” Since like its 
predecessors this plan goes beyond the 
confines of planning government expendi- 
ture without wrestling with the basic ques- 
tion of how government is to direct the 
economy to carry out the details of the 
plan, there is little reason to expect a larger 
measure of implementation than was pre- 
viously obtained. 


B. Shori-term Planning 


Short-term planning is of course in- 
volved in all governmental budgetary 
activities, be it the preparation and im- 
plementation of the ordinary budget, the 
development budget or a foreign exchange 


u Bruno’s models do allow for variation in the effec- 
tive rate. 
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budget." Improvements in methods of 
preparation and carrying out these budgets 
have been almost continuous. However, 
national planning for the coming year was 
not introduced until 1959, when a National 
Budget was prepared and presented to the 
Knesset (Israel’s legislative body) along 
with and as background material to 
the proposed 1959/1960 Budget. Sub- 
sequently, National Budgets have been 
drawn up every year, except for 1968. 
The idea of a national budget is a sound 
one: given the tremendous relative im- 
portance of the government’s budgetary 
activities, it is reasonable to present to the 
Knesset a document summarizing the 
economic developments of the past year 
and forecasting the developments of the 
coming year, stressing the role of the 
Budget and of government policy. It was 
also assumed that the annual planning 
would be part of the long-term planning, 
thus the National Budget could be used to 
show what progress was being made to- 
wards long-term objectives. This was em- 
phasized in the first National Budget [157], 
and by Kochav [87]. 

The National Budgets estimate immi- 
gration and capital inflow, and on the 
basis of government policy and assump- 
tions as to changes (or lack of change) in 


| private expenditure patterns, arrive at 


forecasts of GNP, employment, the use of 
resources and price movements. Govern- 
ment fiscal and monetary policy are 
spelled out. As forecasts, these National 


\Budgets have not been very accurate: 


limmigration has generally been over- 
estimated, the increase in imports, con- 
sumption and prices understated. But the 
substantial annual increases in GNP be- 


8 The latter was introduced in 1952, on the suggestion 
of Oscar Gass, and used annually as a framework for 
ee of foreign exchange expenditure until 
1965. 

43 Tn 1958 Odd Aukrust spent some time at the Bank 
of Israel as a U. N. adviser, and helped in the operation 
of the National Budget. 





tween 1959 and 1965 were enough to sup- 
port the annual claim that “general de- 
velopments” were as predicted, and gloss 
over the fact that very important aspects 
of the forecasts were wrong and in fact 
even policy variables were not correctly 
foreseen. The inaccuracy of this forecast 
became unpleasantly evident in 1966. The 
National Budget had predicted that the 
government’s “restraint” policy, adopted 
in 1964 and slowly implemented in 1965, 
would lead in 1966 to a more moderate in- 
crease in GNP (7-8 per cent). When 
actual events showed that GNP was prac- 
tically stagnant in 1966 (and per capita 
GNP declined), unemployment emerged as 
a major problem, and gross investment 
declined by 18 per cent instead of in- 
creasing 15 per cent, it was clear that 
short-term planning was deficient.“ Yet 
this did not prevent the preparation of a 
National Budget for 1967. This too was 
a poor forecast—though the events of 1967 
were sufficiently unexpected to excuse 
faulty forecasting.'® 

A model useful for short-term planning 
has been prepared by Evans [42] who 
spent a year in Israel to apply to Israel— 
with proper allowance for particular 
Israeli features—the Evans—Klein econ- 
ometric model developed for the United 
States. Unlike the Bruno models de- 
signed for long-term planning, this model 
relies mainly on regression equations es- 
timated from time-series, and not on 
input-output analysis. The equations in- 
clude price variables. Moreover, the model 
concentrates on developing multipliers to 
analyze the effects of changes in govern- 


u The arguments against the official view that the 
recession policy of 1965-67 was a grand success are 
presented in an article by Beham and Kleiman [14]. 

18 However, the aftermath of the Six Day War was to 
increase economic activity; otherwise the forecasts 
would have looked even worse. 

1M. X. Evans and L. R. Klein, The Wharton Econ- 
ometric Forecasting Model, University of Pennsylvania, 
Philadelphia, 1967. 
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ment spending (of various types), changes 
in taxation and changes in exogenous vari- 
ables such as immigration and foreign 
transfer payments to individuals. Using 
his model (based on 1952-65 data) to 
“predict” the ex post 1966 recession, 
Evans obtained better results than a 
naive model or the National Budget, but 
he of course included all the ex post exoge- 
nous figures. The Bank of Israel is cur- 
rently working on the application of the 
model to short-term forecasting. 


C. Investment Criteria 


The problem of evaluating alternative 
investment projects, at a time when the 
price system was clearly distorted, was 
recognized in the early 1950’s. Gaathon, 
Kessler and others were groping for suit- 
able criteria. Kessler is credited with being 
the first to suggest viewing the official 
foreign exchange rate as the most “un- 
realistic’ price, and trying to rank proj- 
ects according to the real cost of net foreign 
exchange earned (or saved). 

Barkai [5] was working independently 
on the same problem in 1954. He suggested 
several alternative methods for evaluating 
an economic project: (1) using the existing 
price structure to determine the com- 
parative advantage of particular projects; 
(2) finding the project which produces 
foreign exchange at lowest cost in terms of 
the factor of production assumed to be 
scarce; and (3) estimating the cost in local 
currency (at market prices) of net foreign 
exchange earned (or saved). The three 
criteria he suggested were dictated by the 
fact that he considered various factors as 
incorrectly priced by the market; he did 
not suggest incorporating the various cri- 
teria in one measure, nor establishing some 
correction factor for converting market 
prices to real prices. His cost~of-net~dol- 
lars-saved criterion, while very similar to 
that evolved at the Economic Advisory 
Staff by Kessler and others, differed in one 


fundamental way: the usual method is to 
define the cost of foreign exchange as net 
local currency costs divided by net foreign 
exchange receipts (or savings, in the case 
of import substitutes); Barkai converts all 
foreign prices into local currency at the 
official rate of exchange, thus achieving the 
same result only if foreign exchange in- 
puts are charged at the official rate. The 
problem of multiple rates for inputs was 
not a major concern at that time; Barkai 
was more concerned with the overpricing of 
labor at a time of high unemployment. 

In 1954, Cats and Bawly started a re- 
search project to determine the value~ 
added per man-hour in terms of inter- 
national prices. Only partial results were 
achieved [28]. Cats again suggested this 
approach in 1961 [29]. Essentially, his idea 
is that capital commands a similar price 
everywhere, so that labor costs are the 
major international variant. He estimates 
net value added in foreign exchange 
(f.0.b. for exports and c.i.f, for import 
substitutes), subtracts an imputation for 
returns to capital, and divides the result 
by man-hours to produce the product 
examined. 

In an unpublished master’s essay Toren 
[140] discussed the necessity of finding a 
clear-cut criterion for evaluating invest- 
ment projects—a necessity arising from 
the major role of the government’s De- 
velopment Budget in financing invest- 
ment.!” Toren pointed out the need to cor- 
rect all market prices and to give quanti- 
tative values to frequently used intangi- 
bles such as defense considerations. Al- 
though he did not attempt to formulate 
rules for estimating these corrections or 
accounting prices, unlike Barkai he did 
show how they could all be brought into 
one criterion of profitability. He pointed 
out that if all other prices used were the 
same, the cost per dollar saved criterion 


17 The role of government in financing investment is 
discussed in [120] and [65]. 
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would rank projects in the same way as his 
profitability criterion, but that his method 
alone could be used to evaluate projects 
that did not produce or save foreign ex- 
change. 

During 1956-59, several alternative 
methods were being used by the Ministry 
of Finance (generally by different depart- 
ments). One was to use the subsidy rate for 
exports as a shadow price for converting 
foreign exchange to local value, and solv- 
ing for a rate of return. Another was to use 
a shadow price for the rate of return on 
capital, and solve for the cost per dollar 
saved. A third, used especially for large 
agricultural investment, was to use the 
first method after allowance for various 
external benefits, Between 1959 and 1961, 
| the Budget Division circulated a series of 
guidelines for evaluating projects: ini- 
tiated by Toren, most were written by 
Shlein, e.g. [169]. He advocated the use of 
discounting to determine present value, or 
the internal rate of return. Projects 
ranked by the internal rate of return could 
be compared to the cut-off real rate of re- 
turn, defined as the return on the marginal 
project for which budget funds were avail- 
able. (The Budget Division guessed this 
' figure as 8 per cent.) Shlein was careful to 
point out that this criterion alone could 
not be used to choose between mutually 
| exclusive projects, and that total profits 
rather than rate of profit would have to be 
estimated in such cases. He also agreed 
that the same ranking would be achieved 
by use of the cost per dollar saved method, 
if the same shadow prices were used.!® He 
preferred the rate of return approach be- 
cause he felt this was conceptually more 
relevant to the question of pricing the 
scarce factor capital. 

In a general discussion of criteria for 
selecting export and import~substituting 


18 Here too, total gain rather than cost per dollar is 
relevant for mutually exclusive projects, as suggested 
algo by Gilboa [54]. 


projects, Bruno [24] shows how a program- 
ing model solves the problem of shadow 
pricing, ? and how the cost per dollar 
saved criterion can be used instead, when- 
ever lack of data prohibits more sophisti- 
cated studies, and where the rate of ex- 
change is considered the price which 
should be solved as a residual. His 1958 
input-output analysis for Israel presented 
the most detailed estimates of cost per 
dollar earned by exports, taking into 
account indirect inputs and price correc- 
tions for certain underpriced inputs [22, 
pp. 104-114], 


TI. Capital Inflow and the 
Import Surplus 


Israel has been fortunate enough to be 
the recipient of very substantial annual in- 
flows of unilateral transfers and long- 
term capital, which together came to a net 
figure of some $7,500 million for the 1949- 
67 period as a whole.*® This inflow has 
financed a persistent deficit in the current 
account of the balance of payments, usu- 
ally referred to as the import surplus. 
Virtually everyone who has written about 
the subject recognizes the tremendous 
importance of the import surplus for the 
growth of the Israel economy. However, 
the amount of research on the subject is 
less than its importance warrants. More 
attention has been devoted to the negative 
implications of the import surplus, what 
has been called the problem of ‘‘economic 
dependence.” 

Before proceeding, it is worth pointing 
out that much of the discussion uses the 
terms “capital inflow” and “import sur- 
plus” interchangeably, thereby introduc- 
ing some confusion. In the purely techni- 


19 His method takes into account the inter-relation- 
ship of changes, and does not examine a single invest- 
ment project on the assumption that nothing else 
changes. 

2 This and other figures in this section are from [65, 
Hebrew edition, Ch. 8]. 
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cal sense, the two are equal, when by 
“capital inflow” is meant the net total of 
all unilateral and capital transfers, in- 
cluding short-term capital. But most 
Israeli economists refer to the long-term 
inflow only; thus, the “capital inflow” 
equals the import surplus only when net 
short-term assets neither fall (as they did 
each year in 1949-53) nor rise (as they 
have done each year in 1958-67). The dis- 
tinction is important in another respect: 
the import surplus measures a real addi- 
tion to available resources, whereas capital 
inflow refers to the financing of the import 
surplus and is often used to focus atten- 
tion on the importance of the composition, 
sources and destination of this financing. 
The misuse of terms is not important when 
the context makes clear what is meant; 
but it may lead to misleading conclusions, 
particularly in discussions of economic 
dependence, when forecasts of the size of 
capital inflows are accepted’ as effective 
restraints on the future import surplus, 
and the availability of foreign exchange 
reserves is ignored. 


A, Effects on the Economy 


The effects on the economy of the im- 
port surplus or the capital inflow have 
been discussed by many. The most suc- 
cinct analysis is by Michaely [106, pp. 
40-51], who stresses the effects on growth, 
on consumption and saving, and on the 
structure of employment. This order is 
followed below. 

Almost everyone agrees that the import 
surplus, which by definition increased 
total available resources, provided the re- 
sources for investment (since domestic 
savings were negative or zero most years), 
and that capital formation so financed was 
a major reason for the rapid growth of in- 
come per capita.” Patinkin [120, Ch. 3] and 


£ Ignoring “errors and omissions,” 
2 E.g. Patinkin [120], Michaely [106], Halevi and 
Klinov-Malul [65]. The later works rely on Gaathon’s 


Michaely stressed the role of the capital 
inflow, particularly the fact that much of 
it went to the public sector (the govern- 
ment and national institutions) who used 


it to finance ambitious development bud- ` 


gets. Patinkin maintained that its absence 
would clearly have meant a reduced in- 
vestment program. 

“What might have been if” is a very 
perplexing question, which few have at- 
tempted to analyze. In two detailed 
studies of particular sources of capital in- 
flow, one of German Reparations [155] and 
one of U. S. agricultural surpluses [55] 
Ginor has wrestled with this problem. In 
general, she took a maximalist approach, 
assuming (while recognizing this as an 
overstatement) that without reparations 
(and agricultural surpluses) imports and 
investment would have decreased by the 
full amount of such aid. She then esti- 
mated the effects on income, employment, 
income distribution, taxation and even in- 
flation of the particular source of funds. 
In specific cases she examined the “maxi- 
malist” assumption and found it wanting; 
for example she concluded that, because in 
1954 unilateral transfers were used to 
build up reserves and reduce short-term 
debt, it was unrealistic to assume that the 
absence of reparations would have meant 
an equivalent decrease in imports. But she 
made no quantitative assessments of the - 
impact of reparations or the agricultural 
surpluses for less than “maximum” as- 
sumptions. 

Another study of a particular type of 
capital inflow was made by Klibanski, for 
private foreign investments [85]. This sub- ` 
ject, so often referred to, has been little 





estimates of capital and its contribution to growth (48, 
51]. It is worth pointing out that in contrast to pro- 
ductivity studies for the U. S., which show that pro- 
ductivity is.the major factor explaining the increase 
in output per worker, the studies on Israel show that 
though productivity grew at about the same rate as in 
the U. S., increased capital is the main factor explaining 
growth. 
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studied. Citron and Kessler [31] examined 
investments made through the Investment 
Center in 1948-54, but concluded that the 
data were inadequate for any estimate and 
evaluation of the impact of foreign invest- 
ments. Klibanski, using data obtained for 
the balance of payments estimates, was 
able to estimate private foreign invest- 
ment and its branch destination for the 
years 1958-60, and the financial structure 
of firms receiving foreign investment. He 
did not attempt to analyze further the im- 
pact of this capital inflow. 

Both Patinkin and Michaely have 
pointed out that the existence of net dis- 
saving in the economy means that part of 
the import surplus went to increase con- 
sumption. Ginor, in an early analysis [38], 
suggested that the over—valued exchange 
rate at which the capital inflow destined 
for investment was converted to local cur- 
rency led to the subsidization of consump- 
tion. Her study of the agricultural surplus 
program, in addition to estimating the 
effect of the program on total consumption 
(as did the study of reparations), also ex- 
amined in considerable detail its effect on 
consumption of particular agricultural 
commodities. 

The effects on saving are of two kinds. 
One is definitional. Creamer [33, p. 21] has 
shown that personal income was larger 
than national income in 1954, due to trans- 


| fers from abroad; thus the definition of 


personal saving depends on the way for- 
eign transfer payments are treated in the 
national accounts. Patinkin [120, p. 97] 
discussed the effects of alternative treat- 
ments of transfers both on the saving 
totals and on the allocation of savings be- 
tween households and the public sector, 
when transfers to individuals are made via 
institutions. The dissaving sector is deter- 
mined by the institutional arrangements 


for transfer of unilateral funds from 


abroad. In particular, he stresses the diffi- 
culties involved in deciding the extent to 


which recipients of transfers treat them as 
income in their decisions to save or con- 
sume. Another definitional problem arises 
from the standard practice of recording 
investment in human beings as consump- 
tion. It can be argued, and often has been, 
that aside from the general issue, a country 
receiving very large numbers of immi- 
grants should consider much of the ex- 
pense of their education and adaptation as 
investment. 

More fundamental is the extent to which 
the availability of capital inflows reduced 
the level of domestic saving. Michaely sug- 
gested that the capital inflow, going as it 
did mainly to the public sector, made pos- 
sible cheap loans to firms, reducing their 
need to provide their own capital, and thus 
business saving. Bank of Israel studies by 
Dovrat, Wahl and Tamari [37] on the 
financial structure of industrial companies 
support this contention. Halevi [65, p. 97] 
had made a more sweeping contention: 
domestic savings were zero or negative be- 
cause the economy did not need them to 
finance investment. In other words, dis- 
agreeing with Patinkin’s idea that had the 
government not received such a high level 
of capital transfers the entire investment 
program would have been substantially 
smaller, Halevi maintained that given 
Israel’s commitment to rapid development 
spearheaded by government, a lower level 
of capital inflow would have necessitated a 
higher level of domestic saving. Of course 
the disagreement is really quantitative; in- 
vestment would certainly have been less 
without an import surplus—savings sufi- 
cient to replace the entire import surplus 
would not have been generated—and the 
question at issue is how much less. 

Michaely suggested that the import sur- 
plus may be a major explanation of a 
phenomenon often remarked upon: the 
high concentration of the labor force in 
services, His explanation is that since in- 
ternational trade is goods—intensive, rela- 
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tive to services, a country having a high 
level of imports, much of which is the re- 
sult of an import surplus, would tend to 
concentrate production on services. This 
is a substitution effect. In addition, Mi- 
chaely suggests an income effect, since 
the import surplus provides a higher level 
of total resources per capita—which may 
be a factor affecting the share of the labor 
force engaged in services. 

Ofer undertook a study to determine the 
extent, if any, of over—concentration in 
services in Israel. Using international data 
to establish a correlation between income 
per capita and the share of the labor force 
in services, Ofer indeed found that Isra- 
el has an over—concentration in services 
[115]. He examined the influence of the im- 
port—surplus, and found that substitution 
effects and specialization effects of inter- 
national trade explain more than half of 
this over—concentration. The income- 
effect provides an additional, though less 
important, explanation. However, the flow 
of foreign. transfers to government ex- 
plains, from the demand side, much of the 
over—concentration in government ser- 
vices. 


B. Economic Dependence 


As already mentioned, economists in 
Israel have been inclined to stress the 
negative implications of the persistent 
import surplus. The term “economic de- 
pendence” and ideas on how to achieve 
“economic independence” are part of al- 
most every discussion of economic policy 
in Israel. The major contributions to the 
discussion have been by Creamer [33, pp. 
22-23], Lerner [93], Gaathon [44], Patinkin 
[120, 121], Michaely [105, 106], and Pines 
[123], and an analysis of the debate has 

B The issue was debated several times at the Hebrew 
University in late 1960 and during 1961. Michaely re- 
fined his views in a paper circulated in the Economics 
Department, but unfortunately not published. Ref- 


erences to Michaely are based on this paper as well as 
the two cited. 


been made by Halevi [65, pp. 167-171]. 
Though the discussants often fail to make 
a distinction, there are clearly two sepa- 
rate issues in the discussion of economic de- 
pendence; one may be called the “‘cessation 


problem” and the other the “future burden 


problem.” 

The availability of an imports surplus 
increases total resources, and its impor- 
tance can be shown by the ratio of import 
surplus to total resources, i.e. to national 


product plus the import surplus. This in-- 


dex has been used as a main (if not always 


the only) measure of economic dependence - 


by almost all the writers on the subject. 
They see the contribution of the import 
surplus as a measure of what the economy 
must do without, or provide by other 
means, when the import surplus eventu- 
ally declines as a result of a decrease of 
foreign transfers. This index is used by 
Creamer, Patinkin and Michaely to show 
the extent to which the economy has pro- 
gressed or failed to progress towards 
economic independence. Whereas this in- 
dex shows dependence, the extent to which 
changes in the index measure progress 
towards independence is highly question- 
able. 

A question frequently but inconclusively 
debated has been whether the index should 
be computed in constant or current prices. 
Creamer used constant prices, expressed 
in dollars, Michaely used prices ex- 
pressed in local currency; and Patinkin 
used current prices. Patinkin and Michaely 
have debated the point. 

Patinkin explicitly stated that changes 
in prices, expressing the relative increase in 


™ Patinkin inverts this index, showing GNP/total 
resources, thereby getting an index whose increase 
shows declining economic dependence. 

* His method was to use an implicit price index to ex- 
press national income in constant 1954 IL; to convert 
to dollars at the official 1954 rate of exchange—~which 
he assumed to be “realistic”; and then to correct for 
changes in U. S. prices by using the implicit U, S. GNP 
price index. 


W 
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the evaluation of imports, should be taken 
into account. Michaely and Pines, in in- 
dependent papers, used similar assump- 
tions to show that though neither index 
accurately measures changes in “real” 
economic dependence—when this is de- 
fined in terms of physical goods—the con- 
stant price index is a more accurate indi- 
cator of direction of change than the cur- 
rent price index. This is not necessarily 
true if the transformation curve changes 
other than by “natural growth,” or if de- 
mand conditions change. Michaely ad- 
mitted that a deterioration in the terms of 
trade should be taken into account, but he 
maintained that the main reason for the 
divergence between the two series, with 
the constant price index showing a larger 
decline in dependence than the current 
price series, arises not from changes in the 
terms of trade, but from changes in rela- 
tive prices of imports and domestic goods 
in local currency, specifically from devalu- 
ation beyond rates suggested by purchas- 
ing power parity. These changes he be- 
lieved should be excluded. This approach 
would be more acceptable if Michaely 
argued that such devaluation was exces- 
sive; but he does not: he has steadily 
maintained that devaluation must exceed 
that necessary to maintain purchasing 
power parity. It is thus not clear why 
he makes the distinction between changes 
in terms of trade and devaluation for 
the dependence index. A criticism of the 
Michaely—Pines approach implicit in 
Patinkin’s formulation is that in a multi- 
ple good world, deflating by price indexes 
does not give a measure of physical goods, 
but only a measure in terms of some pre- 
vious scale of evaluation; why should the 
past price ratios be considered more “‘real” 
than the present scale of evaluation? 
The problem of cessation also involves a 
time dimension. If the import surplus were 
| to decline abruptly, immobility of factors 
of production would cause a decline in 


national income, additional to the decline 
in the import surplus. Pines has shown 
diagrammatically how this decline is a 
function of the time allowed for adjustment 
to a decrease in the import surplus. Mich- 
aely has suggested using an index showing 
the ratio of the import surplus to total im- 
ports, or a variant, the ratio of exports to 
imports (a measure used by Ginor [41]) as 
indicative of the decrease in imports and 
thus of the economic dislocation which a 
sudden decrease in the import surplus 
would cause. But it is obvious that such an 
index, though useful, does not take into 
account the level of foreign reserves, which 
could be used to mitigate the effects on 
total imports of a sudden fall in the import 
surplus, and could allow for a more pro- 
tracted investment program. 

Most of the participants in the economic 
dependence debate make suggestions as to 
how to hasten the achievement of in- 
dependence, though some, such as Lerner, 
visualized complete elimination of the im- 
port surplus, whereas others, such as 
Gaathon, Horowitz [75], Patinkin and var- 
ious economic planners (discussed in sec- 
tion I above) would have been satisfied to 
achieve a smaller import surplus, equal to 
their estimation of “normal” future uni- 
lateral and capital transfers. Lerner, in a 
simplified diagrammatic presentation, em- 
phasized the need to cut imports, con- 
sumption, and export prices; Patinkin 
[120, Ch. 5], in an arithmetic example, 
Gaathon [44] in a simple model and later 
planners in more sophisticated models 
have all believed that economic depen- 
dence could be achieved or approached 
without cutting either consumption or im- 
ports, but only their rate of increase. 

These projections all assume a gradual 
decrease in the import surplus; such an im- 
plicit assumption underlies the use of ex 
post movements in the “index of depen- 
dence” for evaluating past economic pol- 
icy. Patinkin [120, p. 132] maintained that 
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the failure to decrease economic depen- 
dence, as his index measures it, between 
1953 and 1958 was the major failure of the 
Israel economy during its first decade.” 
The point that preparation for a future de- 
cline in the import surplus need not appear 
in an unique way in the standard index was 
made by Golomb [57] and expanded by 
Pines and Halevi: a given capital inflow 
can be used to increase investment in- 
creasing the current import surplus—or 
can be used to build up reserves, thus 
cutting current imports and lowering the 
‘index of dependence. In their disagree- 
ment with the use of indexes of past im- 
port surplus as measures of preparedness, 
they emphasized that in the 1960’s the 
annual capital inflow was so large as to 
give considerable leeway in decisions to 
increase reserves or allow a more liberal 
import—and import surplus—program. 
Bruno, Fraenkel and Dougherty [27] have 
examined the time—path to economic in- 
dependence, showing how a future output 
and balance of payments position can be 
attained by alternative patterns of growth. 

What has bothered many Israeli econ- 


omists is that the past and present high | 


level of available resources is achieved at 
the cost of future debt and interest 
charged unmatched by productive invest- 
ment. This idea underlies Bonné’s conten- 
tion [20] that much of the import surplus 
was “wasted” by not going to productive 
investment, and Abramowitz’s claim [1] 
that the true measure of economic de- 
velopment is whether the import surplus 
went to investment or to consumption. 
Gaathon [44] expressed this more formally, 
by defining the existence of negative sav- 
ing for the economy as a whole as a sign of 
economic dependence, and Patinkin and 


t Michaely too stresses the importance of gradualism, 
but he points out that care must be taken in interpret- 
ing changes in the index; e.g. a reduction from 60 to 30 
per cent is much easier to achieve than from 30 per cent 
to zero 


Michaely both used saving ratios as alter- . +. 
native indexes of economic dependence. 

Halevi has pointed out that the high 
level of grants and gifts must be taken into 
account; thus for the future burden aspect 
both the import surplus/total resources 
index and the import surplus/investment 
index should include only that part of the 
import surplus financed by debt creating 
capital transfers, and exclude unilateral 
transfers. 

Patinkin focused attention on the inter- 
est burden by also stressing the ratio of net 
interest payments abroad to the import 
surplus and to exports. Michaely added 
annual indexes of the ratio of net foreign 
indebtedness to the net national product, 
the ratio of foreign indebtedness to export 
receipts, and the ratio of foreign indebted- 
ness to the national capital. He empha- 
sized that each of his indexes illuminates 
a particular aspect of economic depen- 
dence.and cannot be a single measure of it. 
Halevi suggested that these indexes are 
really attempts to substitute macro- 
economic indicators for a cost-benefit 
analysis of foreign borrowing. Patinkin has 
stated [120, p. 128] that he would not be 
worried about the interest burden were he 
convinced that investment financed by 
marginal foreign loans were sufficiently 
productive to cover interest charges. He 
felt that no data were available to measure 
this, and the problem was further compli- 
cated by the fact that marginal activities 
financed by the import surplus went to 
increase consumption as well as invest- 
ment. 

This problem was first tackled by 
Bruno [25] in a planning model which 
attempts to measure the marginal pro- 
ductivity of foreign exchange in terms of 
increased consumption. In effect, Bruno’s 
model is an attempt to measure the trans- 
formation curve showing the trade off be- 
tween total resources and the capital in- 
flow, what Pines had shown diagrammati- 
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cally. The Bruno, Fraenkel and Dougherty 
dynamic model [27] brings into the esti- 
mate of the transformation curve inter- 
temporal choice between consumption and 
capital inflow levels. In this model the 
marginal productivity of foreign exchange 
at alternative levels of foreign borrowing is 
compared with an arbitrarily chosen in- 
terest rate of 6 per cent on foreign bor- 
rowing. Fraenkel has been attempting to 
extend the approach by allowing for a 
rising supply schedule of foreign borrow- 
ing. 


UI. Foreign Exchange Rates 


Foreign exchange control has been an 
integral part of economic policy in Israel. 
The widespread use of quantitative re- 
striction—gradually eased starting from 
1956—combined with taxes and subsidies 
on foreign exchange transactions, and for 
several years even multiple formal rates of 
exchange, has given Israel a complicated 
multiple exchange rate system. There were 
several formal devaluations which gradu- 
ally raised the price of one dollar from 
IL 0.33 to IL 3.50 twenty years later. 
Though formal devaluations were spo- 
radic, the constant changing of taxes and 
subsidies and switching from administra- 
tive to fiscal controls made effective de- 
valuation continuous. 

There hasbeensurprisingly littlethought- 
ful writing and research on the desirability 
and economic effects of devaluation in 
Israel. There has been much oral discus- 


' sion, and perhaps departmental memo- 


randa, particularly in the periods before 
the formal devaluations of 1952-55 and 
1962. Michaely has maintained, on the 


; basis of his study of past devaluation [108], 


that Israel must constantly devalue be- 
cause reducing the import surplus in- 


| volves increasing real cost. This is part and 


parcel of his analysis of economic depen- 
dence, which he measures in real terms. 
Bruno, Fraenkel, and Dougherty arrive at 
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a similar conclusion in their dynamic pro- 
gramming model [27]; they show that the 
real cost of replacing capital inflow rises. 
The policy implications of this are clear; 
but makers have tended not only to delay 
devaluation (at least formal devaluation), 
as long as possible, but also to hail every 
formal devaluation as the last. Most argu- 
ments about devaluation have usually 
concerned two issues: the desirability of a 
unitary rate as opposed to multiple rates, 
and whether it is best to achieve such a 
rate by formal devaluation or by other 
means. The latter issue concerned the 
ability of the government, given Israel’s 
institutional framework, to prevent do- 
mestic prices from rising and so to make an 
effective devaluation merely nominal. Rie- 
mer [127] for example, maintains that the 
cost-of-living allowance system (discussed 
in section IV-D) is devaluation—defeating. 
Rubner [131, p. 215] used a Polak—Chang 
formula, showing the 1957 average rate 
times the U. S. consumer price index in 
1957, as a per cent of the Israel consumer 
price index in 1957 (for both 1949= 100) 
to conclude that devaluation between 1949 
and 1967 was 58 per cent successful. 
Michaely [108, p. 96], using much more 
elaborate data, compared an index of the 
average effective exchange rate (of which 
more will be said below)—both to ex- 
porters and to importers—to the national 
product price index and to a purchasing 
power parity index, for the 1950—62 period. 
His various indexes show that the ex- 
change rate increased 2 to 2.5 times as 
much as product prices, but almost all 
the increases were between 1950 and 1955. 
However, no study has yet been made of 
the macro-economic effects of devalua- 
tion. 

The methods and objectives of exchange 
control in general have also received rela- 
tively slight attention. A public committee 
concluded in 1953 [170] that exchange con- 
trol was still necessary, and there has been 
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no serious official rethinking on the subject 
since then. Rubner [131, Part B] presented 
a detailed description of and scathing at- 
tack on the entire system. The most re- 
cent survey of exchange control in Israel 
was made by Halevi [64]. 

Considerable attention has been given in 
the literature to two aspects of the multiple 
exchange rate system. The first is the ef- 
fect of multiple rates on the recording of 
the national accounts, particularly on the 
evaluation of national product and saving, 
and thus on policy conclusions. The other 
is the effective protection of domestic pro- 
duction and promotion of exports. These 
aspects are considered separately. 


A, Multiple Rates and National Accounting 


Data on imports and exports compiled 
by the Central Bureau of Statistics are 
recorded in local currency values by con- 
verting foreign exchange values at the 
prevailing official exchange . rate. The 
official rate was rarely the rate actually 
used for foreign exchange transactions: 
black or “grey” market rates, multiple 
formal rates, and taxed or subsidized offi- 
cial rates generally prevailed. It was 
quickly realized that the use of official 
rates for accounting practice could distort 
the national accounts, and limit their use 
as basic information for evaluating eco- 
nomic performance and formulation of 
policy. The basic problem is as follows: 
The gross national product at market 
prices (GNPm) is estimated as the total of 
private consumption (C), government 
consumption (G) and gross domestic 
capital formation (I) plus exports (X) 
minus imports (M). Since imports exceed 
exports, the way in which the import sur- 
plus is evaluated in local currency affects 
the estimate of GNP. Specifically, im- 
ports are part of the domestic use of re- 
sources (C, G, I) at prices actually paid for 
them by domestic users, therefore if the 
deduction of the imports surplus is based 


on computation at the official (under- 
priced) rate GNPm is exaggerated. Even 
worse, saving for the economy as a whole 
is estimated as the difference between 
GNPm and the total of C, G and deprecia- 
tion (or by an identical procedure, as the 
difference between net capital formation 
and the import surplus). Using official 
exchange rates exaggerates saving. This is 
for Israel more than a technical point: the 
continuous effective devaluation accom- 
panied by sporadic official devaluation 
meant that trends were distorted, and it 
was not uncommon to hear such state- 
ments as “saving is finally positive and 
increasing,” at the same time as others 
were saying “‘saving is still negative and 
showing no improvement”—different pol- 
icy recommendations would follow from 
what exchange rate was used to convert 
the import surplus. 

The first attempt to correct for such 
distortion was made by Gaathon. In 1951, 
there was only one formal rate, but large 
amounts of imports were brought in under 
licenses granted “without allocation of 
foreign exchange,” and actually paid for at 
much higher effective rates, In his esti- 
mates of national expenditure for 1951, 
[46] Gaathon reestimated such imports at a 
higher rate than the official one. 

After the 1952 devaluation, several for- 
mal rates were in force, and taxes and sub- 
sidies were explicitly designed to effect 
devaluation. In 1953, Gaathon and Toren, 
then with the Economic Advisory Staff, 
were concerned with what taxes should be 
added to the formal rate to approximate 
the effective rate on imports.” In 1954 and 
1955, Kessler (also with the Economic 
Advisory Staff) and Lubell (at the Falk 
Project for Economic Research in Israel) 
were working on estimates of national 
expenditures, and experimenting with al- 
ternative effective exchange rate con- 


They were stimulating the cost of imports in the 
CPI basket. 


cepts [160, 100]. A minimum estimate was 
to take the average formal rate, and not 
the official rate only.?® A variant used was 
to add the increase in customs duties and 
other import taxes after the devaluation. 
Another variant (previously used by 
Toren) was to add only taxes which went 
into extra~budgetary accounts, such as 
exchange equalization funds. 

The idea of distinguishing between du- 
ties that are “normal” and those that are 
devaluation-substitutes persisted. Riemer 
[130] used it to estimate the effective ex- 
change rate after the 1962 devaluation: his 


| idea was to take the average tariff in other 


countries as a measure of “normality.” 
Baruh (who had made estimates of 
affective rates for both Kessler and Lubell) 
spent several more years on such esti- 
mates. One of the variants in his esti- 
mates [8] also excluded “normal” duties: 
accepting the exchange rate prevailing on 
January 1, 1955 as representing purchas- 
ing power parity and the then prevailing 
tariff structure as “normal duties,” he in- 
cluded in the effective rate only increases 
in import taxes after that date. 

But this is only a variant; in his esti- 


| mates of the effective rates he considers 


most applicable, and in his detailed mea- 
sures of rate dispersion in 1955-61, Baruh 
departed from the idea of including only 
above-normal duties, and included all 
duties and other charges specific to im- 
ports (and all subsidies on exports). This 
view was ably expounded by Gaathon 
[47]. 
| In their corrected national accounts es- 
timates for 1950-62, the CBS? National 
Accounts Department (headed by E. 
Levy) switched to recording international 
transactions at effective rates [96]. Because 
the Bank of Israel continued to present 


38 Only one of the formal rates set by the government 
for foreign exchange transactions was recognized as the 
official rate. 

2° Central Bureau of Statistics. 
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accounts using official rates, considerable 
discussion was aroused. In addition to 
Levy, Baruh and Gaathon, Michaely 
[107] and Wahl [141], have contributed to 
the theoretical debate, and Michaely has 
produced the most exhaustive estimates of 
various alternative effective rates [108].2° 
The views expressed are surveyed below in 
logical rather than chronological order. 

Baruh and Gaathon advocate including 
all duties and charges on imports qua im- 
ports and subsidies on exports qua ex- 
ports. Levy [96] included also purchase 
taxes on imports, regardless of whether 
similar taxes were applied to domestic 
goods, arguing that final users paid for 
imports market prices which include ail 
taxes on imports. Michaely argued that 
the effective rate for imports should in- 
clude not only all taxes but quota profits 
as well, since they form part of the price 
paid by final users of imports. This view is 
shared by Wahl. Michaely’s estimates, 
however, do not include quota profits, for 
lack of data.™ 

As regards exports, Baruh, Levy, and 
Gaathon and Michaely all agree on using 
the effective rate of exchange for exports, 
which includes all subsidies on the value- 
added of exports® (exports minus import 
component), although actual estimates 
differ in coverage of subsidies and in com- 
putation of value added. Michaely in a 
footnote [108, p. 67] suggests that if price 
discrimination exists, i.e., if export goods 
are also sold in the domestic market at 
higher prices than are obtained for exports, 
the higher prices should be used for con- 
verting exports to local currency values. 

30 Michaely also refined the estimates by separating 
from both imports and exports direct import compo- 
nents of exports. 

“ This not only underestimates the effective rates, 
but also distorts estimates of their changes; the switch 
from administrative to fiscal controls on imports (a 
process started in 1956) meant that the estimates for 
later years include taxes instead of quotas, Le. a higher 
rate is estimated. 

3 This concept is discussed in greater detail below. 
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He does not compute such price discrimi- 
nation, but Bruno did something similar, 
for 1958. In building an input-output table 
for 1958, Bruno [22] attempted to value 
exports at the same producers’ prices as 
similar goods sold domestically. He there- 
fore estimated the price differential, which 
he called a hidden subsidy on exports, and 
added it to the value of exports. Osten- 
sibly, Michaely would support doing the 
same thing for computing exports at mar- 
ket prices, which would thus also have to 
include any purchase taxes on export goods 
sold domestically. Wahl has taken an even 
more extreme position: since she considers 
exports as producers of the foreign ex- 
change used to pay for imports, she there- 
fore suggests using the average effective 
exchange rate for imports as the proper 
rate of converting exports as well. The 
GNPm (and saving) measured by the 
various methods would rank in size as 
follows: official rate > Gaathon—Baruh > 
Walh > Michaely.® 

Whether GNPm is estimated by the use 
of official rates or effective rates, with or 
without purchase taxes, gross national 


® Levy’s method would rank somewhere between 
Baruh and Michaely, on which side of Wahl would de- 
pend on the relative importance of quota profits, and 
the difference between the effective rate of imports and 
exports. The relationship between the different con- 
cepts may be clearer if expressed symbolically. 
Let: 
Rez =official rate of exchange for exports. 
Rm = official rate of exchange for imports. 
Sz =subsidies on exports. 
Tm = tariffs and special levies on imports. 
Pm=purchase taxes on imports. 
Qm= quota profits on imports. 
A =C+I+G 


Then the following evaluations of GNPm are obtained: 
Bank of Israel: A+X+Rr+M-Rm 
Baruh~Gaathon: A+X-Re+Sx—M-Rm—Tm 





Levy: A+X-Re+Sx—-M-Rm—Tm—Pin 
Michaely: AFX- Rz4+Sz—M -Rm— Tm 
—Pin— Qm 
. T. 
Wahl: aj aren 


product at factor costs (GNPf£) is the 
same—differences exist only as regards the 


‘stage at which subsidies are added and 


taxes subtracted to covert GNPm to 
GNPf, since some are considered part of 
imports and exports instead of taxes and 
subsidies. Of equal importance, this GNPf 
(or rather net national product) is con- 
ceptually the same as national income, 
estimated as a total of payments to factors. 
But adding quota profits to imports, as 
Michaely and Wahl suggest, would alter 
the conclusion since they form part of prof- 
its on the income side. In fact, both 
Michaely and Wahl suggest a computa- 
tion of GNPf that would differ even more 
from the traditional method: they would 
use the average effective rate for exports 
to convert imports. Their reasoning is that 
exports finance imports, therefore the 
factor cost of imports is measured by the 
price of producing exports. (It will be 
noted that Michaely disagreed with Wahl 
on using similar reasoning for estimating 
GNPm arguing that for market prices, the 
prices of goods are relevant; for factor 
prices, the alternative use of factors.) This 
suggestion results from asking “what is the 
factor cost of imports?” Whereas this ques- 
tion is of great interest for trade theory 
and policy, it does not seem to be relevant 
for national income accounting. GNPf is a 
measure of what factors actually received, 
and should be equal to the total estimated 
on the income side. To achieve this, 


-Michaely and Wahl would have to con- 


sider the differential tax on imports—im- 
ports multiplied by the difference between 
the effective rates on imports and exports 
—as a factor payment to government. 


B. Effective Protection 


The difference between official and ef- 
fective exchange rates are the result of 
taxation or subsidization of foreign ex- 
change transactions; they reflect a con- 
scious desire to promote or hinder certain 
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activities. Specifically, exports and import 


substitutes have been encouraged, the 
former by means of numerous and com- : 


plicated subsidies, the latter by adminis- 
trative and fiscal protection. In addition, 
both have been promoted by direct in- 
vestments and loans from the govern- 
ment’s Development Budget. 

The subsidization of exports has been 
surveyed by Pines [124], relying on pre- 
liminary estimates and concepts discussed 
by Gottlieb [60] and Bahral [3]. In the 
early 1950’s, subsidies were given to certain 
export items per dollar (or equivalent 
foreign exchange) gross receipts. In 1953, 
' the PAMAZ foreign exchange retention 
scheme was introduced, whereby the 
value-added in foreign exchange could be 
used to import high value (otherwise re- 
stricted) raw materials for production to 
the local market. Pines continued Gott- 
lieb’s estimates of the subsidy given in 
such cases. Both he and Bahral showed 
that the system was in fact one of sub- 
sidizing value added only, and as such 
preferable to subsidization of gross export 
receipts. 

In 1956, direct subsidization of value 
added was introduced. The Ministry of 
Finance and Commerce and Industry 
examined individual product lines to de- 
termine the value added in foreign ex- 
change, which alone received a subsidy. 
The method of computation was essen- 
tially the one discussed above; i.e. divide 
all local currency costs by net receipts 
in foreign exchange, though the extent of 
allowance for indirect import components 
was limited and arbitrary. By 1960 most 
goods were receiving a subsidy of IL 0.85 
per dollar of value added (in addition to 
the official rate of IL 1.80 per dollar), al- 
though there were exceptions, both fav- 
ored and discriminated against. In 1957- 
60, the IMF representatives, in their 
annual consultations, objected to the 
multiple-currency practices involved in 


the system. Their objection was not pri- 
marily to the fact that some exports re- 
ceived more than a total of IL 2.65 per 
dollar for net foreign exchange receipts, 
but rather to the unitary subsidy on net 
value added, which they saw as multiple 
rates on gross dollar receipts. In vain did 
Israeli economists try to explain that a 
uniform subsidy on value added was the 
best alternative to a devaluation, as re- 
gards exports. Of course, the problems of 
computation and the administrative diffi- 
culties of the system prevented it from 
being ideal for creating a uniform rate, a 
point illustrated by Pines. 

There has been some discussion in 
Israel of whether the cost of value added 
is important or whether the proportion of 
value added also matters. Many have 
suggested supporting exports that have 
some minimum value added percentage, 
e.g. Ginor [39] and Goren [59], in fact, this 
was a criterion used for several years. 
Rubner [131, p. 127] has ridiculed the idea. 
Although the per cent of value added 
should not be the basis for different sub- 
sidies per dollar of value added, what 
Ginor and Goren had in mind was some- 
thing else: the danger of fluctuations in 
prices abroad can easily turn low value 
added exports into negative earners. More- 
over, as already mentioned, in the selec- 
tion of mutually exclusive projects the 
total contribution of foreign exchange is 
not irrelevant. . 

The protection accorded import-sub- 
stitutes had, until fairly recently, re- 
ceived less attention than the subsidiza- 
tion of exports, despite the fact that policy 
has certainly promoted import substitutes 
more vigorously than exports—-a point 
stressed by Michaely [106]. Administrative 
protection was given almost automatically; 
only in the mid—1950’s were considerations 
of price and quality given consideration in 
protection policy. The use of tariffs in con- 
junction with quotas was examined by 
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Gafni, Halevi and Hanoch [52], but this 
study was concerned with locating protec- 
tive tariffs and made no attempt to esti- 
mate the height of effective protection. In 
1955, the economists of the Customs Di- 
vision were already applying the idea of 
effective protection in their examination of 
requests for protective tariffs, but it can- 
not be claimed that decisions were in- 
fluenced by the estimates provided. Gold- 
berger (Ophir), in a master’s thesis pre- 
pared at the request of the Customs Di- 
vision [56], presented a clear application of 
the foreign exchange value added principle 
to import substitutes, and showed how 
duties on import components should be 
taken into account in estimating the 
effective protection rate*® of a customs 
duty on a final product. 

Whereas the conceptual problems were 
formulated at a relatively early date, 
actual estimates of effective protection 
rates were delayed for a number of years. 
The statistical difficulties are greater than 
those involved in estimating the effective 
subsidy given to exports—though the two 
concepts are basically the same.* 

Michaely’s study of effective exchange 
rates [108] also.contains estimates of the 
effective protection rates, for 1956-60." 
These estimates, though the best yet made, 
are deficient in two respects: they do not 
include quota profits in the effective ex- 
change rate, and for purposes of finding 
the average effective rate for commodity 
groups items are weighted by the volume 
of imports, instead of by the volume of 
production so protected. 


# A summary of the approach and main results is 
presented in [53]. 

% The effective protective rate is not the same as the 
effective exchange rate on imports. 

* Particularly difficult is the estimation of the foreign 
exchange value of domestic production and the quota 
profits on administratively restricted imports. 

™ He assumed the import component data of the 
Bank of Israel’s 1958 input-output study were appropri- 
ate for two years before and after. 

a For getting average import component, the weights 
used are the values of domestic production. 


Part of the new economic policy an- 
nounced in 1962 was a decision to switch 
from administrative to fiscal protection. A 
public committee was set up to examine 
individual industrial items and decide 
whether to stop administrative protection 
and if so what tariffs to levy instead. After 
the committee had been working a year, 
Barkai and Michaely [7] criticized it for 
setting the rates of protection too high. 
Mandelbaum and Naveh [102] in turn 
criticized Barkai-Michaely, maintaining 
that they had’ over—estimated the effective 
protective rates since they under-esti- 
mated the rate of duty on imported inputs. 
A detailed estimate of the work of the 
committee through 1965, the relative im- 
portance of items examined and items 
subjected to fiscal protection, and the 
tariffs ‘imposed, was made by Davidov 
[34]. She did not estimate the effective 
protective rates. Such estimates are cur- 
rently being made in studies by two He- 
brew University graduate students: Yoran 
is estimating the actual effective protec- 
tion rate currently in effect, both for final 
products and for particular branches, while 
Tov is examining the protection rate im- 
plicit in the public committee’s decisions 
and the reasons for the great dispersion in 
rates. In other words, Yoran is studying 
the results of protection policy while Tov 
is examining the implicit intentions of 
policy. A recent decision to institute an- 
nual across-the-board tariff cuts has 
aroused new interest in the subject, which 
will probably remain a popular subject of 
debate for some time to come. 

A more fundamental aspect of the pro- 
tectionist and export-promotion debate 
has been the question of unitary versus 
multiple effective rates. Bahral [3], Gold- 
berger (Ophir) [56] and Pines [124] were 
primarily concerned with showing the 
effects on the allocation of resources of 
multiple unrealistic exchange rates, a sub- 
ject also discussed by many others, e.g. the 
Foreign Exchange Committee in 1953, 


b 
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[170], Riemer [130] and Rubner [131]. 
These proponents of a unitary rate of ex- 
change—effective if not official—are not 
always either explicit or in agreement as to 
what the unitary rate should be. Generally, 
it has been argued that the unitary rate 
should be the “real” rate of exchange. 
Most users of this term have meant an 
equilibrium rate of exchange, some esti- 
mate of the rate which would be set by a 
free market. Most have also meant the 
equilibrium rate at the time discussed, 
though others, such as Bruno [22, p. 106] 
had in mind a future equilibrium rate as 
most relevant for investment decisions. 

Bahral, in a systematic and lucid ap- 
plication of price theory to Israel’s 
multiple rate system, introduced to Israel 
a new concept of the “real” rate of ex- 
change. After careful discussion of the de- 
mand for and supply of foreign exchange 
value added, Bahral tried to make the 
analysis more relevant to actual policy by 
allowing government restrictions of pri- 
vate demand. Quotas and tariffs are the 
way private demand is subjected to cor- 
rection by government. The demand curve 
for foreign exchange as influenced by 
government is thus to the left of the free 
market demand curve. A lower equilib- 
rium price is attained—though this is not a 
free market equilibrium price, it does 
equate supply and demand. Bahral main- 
tained that this “real” rate should be used 
for all transactions; i.e. subsidies and 
taxes should be used to make it the unitary 
effective rate, thus equating the marginal 
cost of foreign exchange in all exports and 
import substitutes. 

There seems to be a basic contradiction 
in this concept of the “real” rate and its 
application. If quotas are retained, some 
import-substitutes receive a higher effec- 
tive protection rate than others (or than 
exports), and there is a misallocation of re- 
sources. On the other hand, if all quotas 
and special taxes (above those needed to 
reach the real rate) are abolished, then the 


demand curves “expressing the wishes of 
the government” which were used to esti- 
mate the real rate of exchange are no 
longer relevant, and the new “real” rate, 
which should be used for all transactions, 
is actually a free equilibrium rate. 

For many years, the Ministry of Com- 
merce and Industry was severely criticized 
for maintaining multiple effective protec- 
tion and subsidy rates. It failed to reply to 
these criticisms in the terminology of pro- 
fessional economists.®® In their response to 
criticism by Barkai and Michaely, Man- 
delbaum and Naveh [102] rephrased the 
justification for discriminatory pricing. 
After restating the frequently voiced jus- 
tification of protection against brand name 
competition and dumping, they present 
the standard infant industries of develop- 
ing nations arguments, which are essen- 
tially assertions that existing comparative 
advantage differs from long-term com- 
parative advantages, and that growth can 
be speeded up by discriminatory protec- 
tion. Strangely enough, this argument has 
not been followed to its logical conclu- 
sion—that exports as well as import sub- 
stitutes should receive special treatment; 
the argument has been used merely to 
justify gradualism in reducing protection 
to some uniform level. The market versus 
bureaucratic appraisal of social profit- 
ability controversy may be expected to re- 
cur and persist for years to come. 


IV. Inflation 


A. The Inflationary Experience and Policy 
Issues 

Except for brief respites, Israel has been 
subject to inflationary pressure since 1948. 
This inflationary pressure has found ex- 
pression in rapid price and wage increases, 
frequent devaluation, and a persistent cur- 
rent account balance of payments deficit. 
In the early years, inflation was clearly of 

3° Lower subsidies to certain exports—mainly citrus— 


had been justified on the ground that the supply curves 
are inelastic, 
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the demand—pull type, marked by tre- 
mendous government deficits and a rapid 
rate of increase in the money supply. 
Price control and rationing were employed 
in the 1949-51 period. In 1952, a New 
Economic Policy was implemented, con- 
sisting mainly of devaluation, a raising of 
the domestic price level to soak up accu- 
mulated inflationary pressure, and efforts 
to curb the government deficit and the 
increase of credit. This policy was carried 
out over a three year period, by the end of 
which the Bank of Israel had been set up, 
and responsibility for monetary policy 
transferred to it from the Ministry of Fi- 
nance. 

After the first period of suppressed in- 
flation there have been several years of 
demand inflation, several of cost inflation, 
and a number during which inflation was a 
mixed variety where the causes are less 
easy to identify. Attention fluctuated be- 
tween demand and cost factors—among 
the latter especially the cost-of-living 
allowance which is an important part of 
wages—and consequently monetary, fiscal, 
wage and price control policy* alternated 
in arousing discussion. 

Inflation aroused more discussion than 
any other topic. The Israeli literature con- 
sists of some purely theoretical discussions 
or reflections, and more frequently of argu- 
ments bolstered by selected data. Much 
less frequent are the more empirical stud- 
ies. Since the Bank of Israel was set up in 
1954, annual and occasional surveys of 
inflation and its manifestations have been 
available; these have been the basis of 
much of the discussion. In addition, there 
have been a number of general surveys of 
the inflationary experience during particu- 
lar periods, among them: Gross [61], the 
first study of inflation in Israel, restricted 
to the 1949-50 period of repressed infla- 


40 Overt price control was gradually eliminated, with 
very few exceptions, but indirect control of prices have 
often been a major part of anti-inflationary policy. 


tion; Patinkin’s two surveys [119, 120, 
Ch. 4], the first covering 1949-53 and the 
second 1949-58; Kochav [88], covering the 
1955-60 period, and the most recent, 
Klinov-Malul [65, Ch. 11], covering 
1949-65 (1949-67 in the Hebrew edition). 

The discussions surveyed are organized 
around the following subjects: the mani- 
festation of inflation, demand inflation and 
the role of money, cost inflation and the 
role of wage policy, and finally linkage 
schemes to mitigate the undesirable effects 
of inflation. 


B. The Manifestation of Inflation 


Basic to any consideration of anti- 
inflation policy, is the necessity to identify 
the existence of inflation. Much of the 
discussion of this question is connected 
with arguments about the causes of infla- 
tion, and as such is deferred to the next 
sections. Here, some approaches to the 
identification problem are considered. 

In the early years (1949-51) inflation 
was identified with rising prices. This is the 
conclusion of Gross [61] who examined 
policy declarations during the period. 
Weiss [142], surveying price control, de- 
scribes the attitude that held that control 
of prices was “war against inflation,” and 
lowering prices a victory in that war. In 
later years, such attitudes were less 
crudely expressed; but official pronounce- 
ments of satisfaction with price stability 
in particular periods, eg. 1959 and 
1967-68, were often phrased in terms sug- 
gesting that absence of price increases 
means absence of inflation. This view has 
been stated explicitly by Tenenbaum 
[159], who maintains that there was no 
inflation in Israel in 1959, 

The objections to this approach have 
been of two kinds. One focuses on inflation- 


& This is a co-authored book, with Halevi and Kii- 
nov—Malul sharing responsibility; however, references 
to a specific chapter are made to the author primarily 
responsible for that chapter. 
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ary pressures as opposed to price rises, 
Gross [61] and Patinkin [120] criticized the 
1949-51 policy for attacking symptoms 
instead of causes, and viewed the creation 
of excess demand (which they identified 
with monetary expansion) as inflationary, 
despite the fact that controls prevented 
prices from rising at that time. Thus Patin- 
kin viewed the large price increases in 
1952, the result of the New Economic 
Policy, as anti~inflationary, since by low- 
ering real money balances they decreased 
demand. M. Kalecki, who visited Israel 
briefly in 1951 as an adviser to the Mini- 
stry of Finance, advocated price controls; 
but he included in his report [79] recom- 
mendations for fiscal policy to reduce in- 
flationary pressures. The idea of lags be- 
tween the creation of inflationary pres- 
sures and price increases even in periods of 
less overt price control was stressed by 
Barkai and Michaely [6]. The idea of lags 
is still often ignored; 1969 is being hailed as 
a year of stability, despite great infla- 
tionary pressure. 

The second objection to the identifica- 
tion of inflation with price rises suggests 
another way in which inflationary demand 
can expend itself: imports. That increased 
imports can substitute for price increases 
has been pointed out by many, e.g. Horo- 
witz [72 and 75]; some have considered the 
import surplus as a significant variable. 
Patinkin [120] maintained that even dur- 
ing a period when certain outward mani- 
festations of inflation, such as rates of in- 
crease of money, credit and prices showed 
a decline, the persistence of the balance of 
payments deficit proved that policy was 
unwilling or unable to cope with the fun- 
damental cause of inflation. Others have 
restricted themselves to the view that an 
increase in the import surplus, rather than 
a failure to decrease it, is a sign of infla- 
tionary pressure, On occasion the Bank of 
Israel has used the change in the import 
surplus as a criterion, e.g. [156]. Klinov— 


Malul uses the increase in domestic re- 
sources at current prices as a measure of 
change in effective demand, this change 
being absorbed by changes in real growth 
of GNP, in prices and in the import sur- 
plus. The last two are her indicators of 
inflation. 


C. Demand Inflation and the Role of Money 


The role of money and consequently the 
role and effectiveness of monetary policy 
have been widely debated. The central 
position of the Bank of Israel in monetary 
policy and debate is such as to make it 
worth while to start with the main views 
of the Bank, particularly of its Governor, 
Mr. Horowitz, and then survey the dis- 
cussions of particular points.® 

Although there are in print alternative 
variants of and even some departures from 
what may be called the “Bank of Israel 
approach,” the main idea is a simple ap- 
plication of the quantity theory of money, 
along the following line of reasoning: An 
increase in the quantity of money creates 
and measures an increase in effective de- 
mand [76, 71]. In the short-run, output is 
determined by real factors, such as the 
existing amount of factors of production 
[156]. Therefore an increase in effective 
demand can increase output only to the 
limit set by the supply factors. From this is 
derived the conclusion that the supply of 
means of payment should be allowed to 
increase only in the same proportion as the 
expected increase in output, or the ex- 
pected increase in output plus imports or 
net imports [71, 73]. If the money supply 
increases by more than this amount, it will 
lead to price increases or balance of pay- 
ments deterioration or both. This is the 
rationale for curbing the supply of money. 
The Bank, however, realizes that the 


& Arguments concerning particular tools of credit 
policy, e.g. criticisms of excessive reliance on reserve 
ratios and little use of open market operations, are not 
surveyed here. 
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money supply is affected not only by 
credit policy, but by factors less subject to 
the Bank’s control, such as the public’s 
readiness to hold monetary assets in less 
liquid deposits, and primarily, fiscal policy 
(72, 74]. 

The Bank has also presented, on occa- 
sion, a more sophisticated approach. If the 
possibility of cost inflation is recognized, 
an increase in money supply may be a re- 
sult rather than a prime mover. But 
whether it is inflation—causing or inflation- 
induced, an increase in the money supply 
is a necessary condition for inflation [79]. 
Unfortunately, the Bank often cannot 
avoid submitting to institutional pres- 
sures, and must increase the money supply 
to prevent unemployment [73]. 

The Bank has therefore consistently 
attempted to curb the money supply—and 
has been singularly unsuccessful most of 
the time. The discussion of the role of 
money and monetary policy can be related 
to several issues raised by the Bank of 
Israel approach: (1) Is the crude quantity 
theory applicable; (2) how does an increase 
in money increase effective demand; and 
(3) does the restriction of increase in the 
supply of money curb the growth of out- 
put? Patinkin [120] and Kochav [88] 
have both found that after 1954® the in- 
come velocity of circulation“ was con- 
stant. Patinkin [120] explains this con- 
stancy, in an approach credited to Phillip 
Cagan, by the fact that a steady rate of 
increase in prices during this period meant 
that the cost of holding money balances 
was unchanged. The constancy of the 
velocity of circulation is used to explain 
that monetary developments in Israel 
“have been closely in accordance with 
those predicted by the crude MV=PT of 
the quantity theory of money.” [p. 116]. 
But Patinkin does not suggest that mone- 


8 Patinkin refers to 1954-58, Kochav to 1954-60. 
Defined in terms of total resources rather than in- 
come. 


tary expansion was always the cause of 
inflation, Moreover, even granting that V 
remained constant—a debatable point— 
the large variations in annual increases in 
total resources (T) during the period dis- 
cussed suggest that the crude quantity 
theory could have been used as a reliable 
guide for ex ante monetary policy only if 
accurate projections of changes in T could 
have been made. 

Many have denied that: velocity has 
been constant in Israel. Some, such as 
Tenenbaum [159], Bar-Yosef [9, 12], 
Lehman [92] and Halperin [66, 68] have 
claimed that V is not constant, but is 
affected by the rise of near-moneys, such 
as post-dated checks and bank negotiated 
bills, created as substitutes for money in 
periods of tight credit control. They refer 
to demand deposit velocity, not the in- 
come velocity of money. Whereas Halperin 
is not sure whether near—moneys are com- 
plete substitutes for normal bank credit, 
Bar-Yosef concluded that credit control is 
a failure, since the market creates sub- 
stitutes. (Ben-Shahar’s empirical study 
[16] also concluded that control of the 
volume of short-term credit was ineffec- 
tive.) The main ideas here are that: (1) 
exclusion of near-moneys makes the 
official estimates of the money supply 
meaningless, and (2) bill-brokerage trans- 
fers purchasing power from low-—velocity 
holders to high-velocity holders. The 
Bank of Israel [156] maintained that “do 
it yourself money” should not be added to 
the money supply, but it admitted that 
it does affect velocity. The large volume 
of such moneys created during the 1960’s 
affected velocity greatly, as shown by 
Steinberg’s estimates [137]. Those citing 
the change in velocity as evidence against 
the tight—-money policy failed to offer proof 
that changes in V were sufficient to com- 
pensate for changes in M. Dovrat, in a 
recent article [36] claimed that changes in 
V did compensate in 1968 for increases in 
the money supply. He then concludes that 
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the oft-maligned MV=PT equation is 
really very useful. He fails to discuss the 
question of how the monetary authorities 
can anticipate large variations in V, and 
thus use the formula for their decisions. 

Halperin raised an intriguing point [68]. 
He questioned the standard idea that re- 
serve—creating demand deposits are really 
more high-powered money than cash held 
by the public. True, current account de- 
posits can lead to expansion of the money 
supply; however, he believes that the 
velocity of cash is many times greater 
than the velocity of demand deposits, so 
that a shift from cash to deposits has a 
net deflationary effect! Unfortunately, his 
estimates of the two velocities were not 
entirely convincing, as pointed out by 
Arian [2]. 

A second controversy over the applic- 
ability of the crude quantity theory con- 
cerns the relationship between changes in 
the volume of money and changes in the 
import surplus. As already mentioned, the 
Bank of Israel and others have often 
pointed out that inflation can appear as 
increased imports rather than as price in- 
creases. Horowitz [75] found “by inspec- 
tion” of means of payment and import 
surplus data a “‘visible correlation” of the 
two, without regard to the sequence which 
connects them. Tenenbaum [159] denied 
seeing this correlation; he saw no necessary 
connection between imports and inflation. 
Ben-Shahar [15] suggested a statistical 
test. He ran some correlations and found a 
weak positive correlation for 1951—60, and 
a weak negative correlation for 1955-60, 
from which he assumed a strong positive 
correlation for 1951-54. Despite the weak 
statistical evidence, Ben-Shahar supported 
the Horowitz view—based on a simple 
quantity theory which he accepted. What 
he presents is a quantity theory formula 
where MVY=P(¥Y+D), which can be 
written D= V M/P—Y, where Y is real 
GNP and D is the real import surplus. If 
V and FY are constant, obviously D varies 


with the real money supply.“ Ben-Shahar 
concludes that the data do not show this 
because V and Y may have changed. He 
does not defend his implicit assumption 
that both are independent of changes in 
M/P. 

Empirical studies concerning the rela- 
tionship between changes in money and in 
prices have been surprisingly few—other 
than those “empirical studies” which con- 
sist of presentation of two annual series 
and derivation of conclusions by inspec- 
tion. Evans [42] ran several regressions, 
using annual data, and found little rela- 
tionship between money and prices. How- 
ever, since this subject was relatively un- 
important for his purpose, he did not at- 
tempt to introduce lags or other variables 
that would show a clearer relationship. 
Kleiman and Ophir have used monthly 
data and introduced various lags. Their 
preliminary findings [84] show that there 
are discrete lags of six months in the 
1955-59 period and eight months in 
1960-65 between changes in the money 
supply and their effects. In the first period, 
changes in money explain 19-24 per cent of 
monthly changes in prices; changes in the 
import surplus and in money combined 
explain 60 per cent of the quarterly 
changes in prices. For the second period 
results are inconclusive. 

Much of the above discussion has im- 
plied that increases in money increase 
demand but have not examined how this is 
brought about. The opinions expressed on 
the subject have varied from simple state- 
ments with no or with only implicit theo- 
retical backing, to sophisticated formula- 
tions of monetary theory. The Bank of 
Israel position, as already discussed above, 
was inconsistent, ranging from attributing 


S The use of the same price level to deflate GNP and 
the import surplus ignores the possibility of changes in 
relative prices of domestic and imported goods. 

& Monetary theory as such is not the subject of this 
survey, therefore contributions by Israelis, mainly 
Patinkin’s well-known works, are not discussed except 
as they affect the discussion of Israel’s experience. 
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an automatic causal role to increase in the 
money supply to the admission that 
changes in money may be responses to 
other factors. The Bank has complied a 
flow of funds data and discussed them, 
starting with the 1959 Report, in an effort 
to point out demand-generating sectors. 
In the earlier Reports, an extreme position 
is taken; for example: “ . . . every pound of 
credit enables the receiving sector to ex- 
pand its demand without a corresponding 
increase in supply” [153, p. 206]. In later 
reports, a more agnostic position is taken, 
e.g. “In many cases it is difficult to es- 
tablish a causal connection between the 
creation and financing of a demand sur- 
plus” [154, p. 428]. Perhaps this change in 
attitude reflects the fact that in recent re- 
ports Heth has been responsible for the 
flow of funds analysis; thus an even more 
skeptical view is presented in [70] and in 
[162, p. 218], the latter being a survey of 
monetary developments prepared for the 
Economic Planning Authority by the 
Bank of Israel. 

The flow of funds data point up a dis- 
tinction frequently ignored in Israel; that 
between increases in the money supply 
which are an integral part of increased de- 
mand, and those that affect demand less 
directly. Thus Barkai and Michaely [6] 
and Klinov—Malul [65] have stressed the 
difference between the government’s de- 
mand surplus and the liquidity surplus, 
the latter affecting demand via the interest 
rate and the quantity of real money bal- 
ances. 

The rate of interest has aroused much 
discussion in Israel, mainly because of a 
maximum interest law and of subsidiza- 
tion of loans to selected sectors by the 
government. Much of the debate, e.g. 


[164], and some empirical work, e.g. Ben- 


Shahar [16], relates to discriminatory rates 
and their effects on the allocation of in- 
vestment, but the effect of interest rates on 
demand has not been neglected. In order 


to circumvent the maximum interest re- 
strictions, it has been customary to make 
extra charges such as commissions; Bar- 
Yosef [10] stressed the necessity of adding 
all such charges to the nominal rate of in- 
terest, and Ben—Shahar [16] included these 
and linkage provisions in his estimates of 
the “effective rate of interest.” Ben- 
Shahar also estimated “real rates of in- 
terest,” which are effective rates deflated 
by the relevant price indexes, a procedure 
suggested by many, e.g. Bar-Yosef and 
earlier, Sharon [135]. 

The local literature is replete with arti- 
cles showing that interest rates are “high” 
and therefore contribute to inflation by 
raising costs; the proposed solution is an 
increase in the supply of money. There is 
little evidence to suggest that the no less 
frequent rebuttals, such as those by 
Kerem [82], Patinkin [118], and Sheffer 
[136], pointing out that money differs from 
other goods in that increasing its supply 
can lead to increases in the demand for it 
rather than to a lowering of its price, have 
done much to change opinion. A case in 
point is the reluctance to abolish legal re- 
strictions on the height of interest rates, 
despite the almost unanimous accord 
among local economists that the “interest 
law” is detrimental, e.g. [164]. 

Barkai and Michaely [6] believe that 
raising the interest rate would have re- 
duced investments and slightly reduced 
private consumption, at least in the in- 
flationary period following the 1962 de- 
valuation. Kerem [82] believes that within 
the relevant range of interest rate varia- 
tion in Israel demand for money and the 
volume of investment are inelastic with 
respect to interest; however, he thinks that 
savings are more responsive to changes in 
interest. Though the role of interest rates 
in the securities market and their affects on 
borrowing from provident funds have 
been examined by Sarnat [133, 134], no 
detailed empirical study of the influence of 
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interest rates on either savings or invest 
ment has been carried out. 

As could be expected, real money bal- 
ances play an important role in explana- 
tions of the influence of money on demand 
by Patinkin and his students. In his first 
analysis of inflation in Israel [119], Patin- 
kin stressed the effect of changes in real 
balances on the demand for goods, both 
when real balances increased during the 
repressed inflation of 1949-51 and when 
they decreased following the New Eco- 
nomic Policy of 1952. Clearly, the tre- 
mendous price increases which decreased 
real balances in 1952 and 1953 absorbed” 
inflationary pressure. But these balances 
were not equilibrium real balances, they 
were created as a result of rationing and 
price control; they were forced savings. 
Therefore, neither their creation nor re- 
duction involve the “real balance effects” 
of monetary theory, the kind Patinkin re- 
fers ‘to in his analysis of the velocity of 
money during 1954-58 [120]. 

Barkai and Michaely [6] also stress real 
balance effects in their discussion of 
monetary policy, or rather the failure of 
monetary policy, after the 1962 devalua- 
tion. This analysis is in part an application 
to a concerete case of devaluation at full 
employment of the reconciliation of the 
“absorption” and “elasticity” approaches 
to devaluation that Michaely had dis- 
cussed in a theoretical note.#® Concerned 
as they were with the tremendous increase 
in money following the devaluation, re- 
sulting from unilateral transfers to in- 
dividuals and from conversion of foreign 
exchange deposits created by such trans- 
fers in the past—analyzed later by Beham 
[13]—-they felt that their analysis was 


47 “Full employment” does not exactly apply to a 
situation in which GNP increases at 10 per cent per 
year. 
48M. Michaely, “Relative-Prices and Income- 
Absorption Approaches to Devaluation: A Partial 
Reconciliation,” American Economic Review, March 
1960, 
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sufficient to justify stringent monetary and 
fiscal policy. 

Though there has been no research 
specificially designed to measure real 
balance effects—surprisingly, considering 
Patinkin’s great influerice on an entire 
generation of Israeli economists-~Patinkin 
himself has applied to this question the 
research of others on the use of the very 
substantial foreign transfer payments to 
households received as restitution pay- 
ments from West Germany. The way 
households used these funds has been 
examined, starting with the first Survey of 
Family Savings (1957/58).4° Landsberger 
made a thorough statistical study of the 
use of restitution payments in a doctoral 
dissertation [91]; some of his results been 
published elsewhere [90]. What all these 
studies show is that lump-sum payments 
are treated differently by recipients from 
regular income receipts as regards con- 
sumption of durables, and the form in 
which savings are held. Patinkin [122] has 
used Landsberger’s findings to illustrate 
the wealth effect of increases in money. 
Whereas his previous work referred to real 
balance effects on current consumption, 
Patinkin here admits that such effects are 
relatively slight, and assert that the main 
effects of an increase in real balances is on 
the way wealth is held and thus on the de- 
mand not only for monetary assets but also 
for fixed assets, investment and durable 
consumer goods. Patinkin’s point is that 
during the lag between an increase in 
money and the resulting rise in prices, 
monetary wealth increases, and there en- 


49 This survey was supervised by a committee headed 
by N. Liviatan; the results were published [163] as a 
joint report of the Falk Project, the Central Bureau of 
Statistics, the Bank of Israel, the Institute of Applied 
Social Research and the Economics Department of the 
Hebrew University. The Bank of Israel Annual Re- 
ports present the findings of this and later surveys in 
their chaptera on savings. N. Liviatan has also used the 
saving survey data to test the permanent income hy- 
pothesis [97]. ; 
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sues a dynamic process during which de- 
mand for durable goods increases [122, 
p. 13]. Granted that an increase in wealth 
affects the demand for durable goods in 
addition to the usual affect of an increase 
in permanent income on consumption, the 
crucial question is to what extent a par- 
ticular increase in the supply of money, 
and thus in real balances, is to be consid- 
ered as an increase in permanent income or 
as a temporary increase in wealth. 

In a study of fluctuations in the prices of 
land in Israel, Borokhov [21] also attribu- 
ted major importance to increases and 
decreases in real money balances. How- 
ever, his analysis rests primarily on the 
diversion of purchasing power to fixed 
assets as a result of controls in the con- 
sumer goods market. Here again, as in 
Patinkin’s analysis of the 1949-51 period, 
does one observe genuine ‘‘wealth effects” 
of real balances or the monetary manifes- 
tation of an increase in income which was 
not allowed to be spent normally? 

Some of the differences in policy con- 
clusions arrived at in the various discus- 
sions of money and velocity stem from 
looking at different kinds of money and 
the effects of changes in their quantities. 
Patinkin concentrates on outside money 
and assumes no redistribution effects of 
inside money. Bar~Yosef and Halperin are 
actually concentrating on the possible 
distribution effects of inside money. For 
policy purposes, as opposed to its presen- 
tation of detailed statistics on means of 
payment and deposits, the Bank of Israel 
ignores the distinction between inside and 
outside money; it looks only at the total 
money supply. 

All the quantity theory approaches 
mentioned above assume that an increase 
in money is inflationary if it increases de- 
mand more than supply can increase. The 
arguments concerning the relationship be- 
tween changes in money and changes in 
output are thus mainly the result of dif- 


ferences in evluations of the employment 
situation at a given time, specifically 
whether and to what extent an increase in 
effective demand can increase output." 
Frequent arguments to the effect that a 
shortage of money curbs output and that 
“the needs of business” must be met, e.g. 
Zak [149] and Bar~Yosef [11], persist de- 
spite many rebuttals, e.g. Patinkin [119]. 
Schweitzer [138] presented a more rea- 
soned analysis of the possibility that in 
1954 a shortage of credit, rather than of 
labor, was a constraint limiting produc- 
tion; a point disagreed with by Kochav 
[86]. Their debate is more memorable for 
being one of the few in which the possible 
beneficial effects of inflation are consid- 
ered—with Schweitzer suggesting than an 
annual price rise of up to 5 per cent would 
stimulate investment and thus the growth 
of the economy, and with Kochav dis- 
senting vigorously. 

The idea that there may be a trade-off 
between the rate of growth of income and 
the rate of increase of prices or the im- 
port—surplus, and that maximum growth 
is not necessarily optimum growth, has 
been frequently stated or implied, e.g. 
Kidan [83]. Generally, what has been 
stressed is the effect of excessive economic 
activity on imports and on the composition 
of investment and output. The idea of a 
trade-off is expressed by the “restraint 
policy” of the Israel government for 1965, 
[e.g., 158]. Here maximum growth was 
sacrificed in order to reduce inflationary 
pressure and the import surplus. The true 
cost of a temporary reduction in the im- 
port surplus, in terms of foregone output, 
was not properly estimated; this criticism 
was most forcefully presented by Beham 
and Kleiman [14]. Praeger [125] made a 
similar point, by presenting a crude esti- 


50 The admission by the Bank of Israel that the 
money supply must increase to prevent a decline in 
employment during cost-inflation has already been 
mentioned. 
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mate of a Phillips—Lipsey curve for Israel 
and concluding that a reduction in infla- 
tion was paid for by a tremendous increase 
‘in unemployment. 


- D. Cost Inflation and Wage Policy 


Though most Israeli economists have 
been convinced that the local inflation has 
been more frequently of the demand type, 
the demand-—pull versus cost-push con- 
troversy did not bypass Israel. Patinkin 
was probably the first to describe a cost- 
price spiral in Israel. He maintained that 
the July 1952—April 1953 period differed 
from the preceding inflationary period in 
that increases in the supply of money dur- 
ing this period were in response to rising 
prices, and not a cause of them [119]." He 
feared that Israel’s institutional frame- 
work would perpetuate the inflationary 
process, 

Two elements of cost-inflation have 
been singled out for analysis: devaluation 
and wage increases. Devaluation raises the 
price level significantly because of the 
relatively large volume of imports; but it 
does not create a cost-price spiral. This is 
done by nominal wage increases, resulting 
from an attempt either to raise real wages 
or to prevent a fall of real wages following 
price rises. Wage policy is primarily de- 
termined by the Histadrut—the General 
Federation of Workers in Israel—a mam- 
moth organization encompassing virtually 
all wage earners (and many self-employed 
workers), dominated by the political lead- 
ers and parties who dominate the govern- 
ment. A basic part of wage policy has been 
a Cost-of-Living Allowance (COLA) based 
on changes in the Consumer Price Index 
(CPI). The nationally negotiated wage 
contracts include clauses specifying what 
change in the CPI warrants a wage allow- 
ance, the time period for which the compu- 
tation is made, and what percentage of 


& Though published in 1956, this article first ap- 
peared as a report to the Ministry of Finance in 1953, 


total wages is linked to the CLI. The de- 
tails of the COLA are discussed in every 
Bank of Israel Report, in the chapter on 
wages, and have been summarized by 
Bahral [4]. 

The Histadrut’s wage policy in general, 
and the role of the COLA in particular, 
were the core of Israel’s inflationary prob- 
lem, as analyzed by A. P. Lerner® [94, 95]. 
Lerner developed the concept of a Wage 
Standard,® where functional finance is not 
enough to prevent inflation because gov- 
ernment monetary and fiscal policy must 
adjust to independently determined union 
wage policy. Lerner’s recommendation was 
to set up a Wage Authority, which would 
set wages in accordance with expectations 
concerning changes in production and pro- 
ductivity, and thus prevent an inflationary 
spiral. 

Although no Wage Authority was set up 
in Israel, the idea that the Histadrut 
should set its wage policy in accordance 
with national objectives was accepted, at 
least in theory. On several occasions, the 
Histadrut called for wage restraint, and 
even a wage freeze. The idea of linking 
wage increases to increases in productivity 
was adopted by government and Hista- 
drut leadership in the early 1960’s. Ac- 
cordingly, a public commission was set up 
to measure projected changes in output 
per worker as a criterion for wage in- 
creases. So far, wage policy has not in fact 
been tied to the recommendations of this 
commission. 

The most persistent exponent of the role 
of wage policy in Israel’s inflationary ex- 


® Abba Lerner is included among “Israeli” econom- 
ists, because he spent several years in Israel as an ad- 
viser and a teacher at the Hebrew University. He has 
privately admitted that he “accepted” cost inflation in 
Israel. Certainly his writings on the subject in the daily 
press in Israel did much to stir up controversy and in- 
fluence opinion. 

8 Lerner’s Wage Standard is very similar to what 
Hicks has called a Labor Standard: J. R. Hicks “Eco- 
nomic Foundations of Wage Policy,” The Economic 
Journal, September 1955. 
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perience has been Riemer. In several 
articles, most fully in [129] he has pre- 
sented his version of the inflationary 
spiral, which is essentially as follows: The 
large influx of immigrants increased the 
supply of labor, absolutely and relative to 
other factors of production. The Hista- 
drut, interested in the welfare of the 
veteran population, prevented the required 
fall in real wages—in fact, real wages 
(nominal wages deflated by the CPI) 
doubled between the end of 1947 and the 
end of 1954. The marginal product of labor 
could have been prevented from falling if 
capital per worker had been increased 
sufficiently; but instead it declined during 
this period. The result was overt and dis- 


guised unemployment equalling 40 per 


cent of the labor force in 1954. The govern- 
ment tries to decrease unemployment by 
increasing the money supply, but since 
this does not lower real wages (from either 
the worker’s or the employer’s point of 
view) it can only result in demand infla- 
tion. This inflationary pressure can de- 
crease unemployment at the expense of the 
balance of payments, thus monetary and 
wage policy act to shift disequilibrium be- 
tween unemployment and the balance of 
payments. 

Riemer’s analysis has had less influence 
than it deserves—probably because of his 
accusatory style of writing and rather 
flamboyant use of figures. For example, 
though all agree that there may be con- 
siderable disguised unemployment in Is- 
rael, particularly in the public services, 
no one else accepts his estimates; his total 
unemployment figure for 1954 assumes a 
normal labor force participation rate of 
60 per cent, compared with an actual par- 
ticipation rate of about 38 per cent. 
Bahral’s study of the impact of mass im- 


S At this point Riemer departs from Lerner’s Wages 
Standard. 
8 This subject is dealt with by Ofer [115]. 


migration on industrial wages [4] shows 
that though institutional factors delayed 
somewhat the expected market~induced 
changes in real factor prices, wages did in ` 
fact behave, with a lag, in accordance 
with market forces: while real wages, from 
the point of view of the worker, did in- 
crease, unskilled labor became cheaper 
relative to other factors and relative to 
products. Similarly, Gaathon’s estimates 
of capital stock [51, 54] have contradicted 
Riemer’s rough estimates: though there 
may have been some decline in capital per 
worker in the early years, capital per em- 
ployed worker increased in 1950-55 at an 
annual rate of over 10 per cent, a higher 
rate than that achieved in later periods. 
Though these more thorough empirical 
studies undermine much of Riemer’s anal- 
ysis of the first decade, his analysis of the 
relationship between wage and monetary 
policy and the balance of payments, re- 
peated in later articles [e.g., 130], remains 
of interest. 

The most recent contribution to the 
cost inflation approach appears in the 
econometric model of the economy con- 
structed by Evans [42]. Evans did not find 
that demand factors were statistically 
significant for explaining changes in prices. 
On the other hand, wages is a significant 
variable.® 

The problem of identifying cost inflation 
has elicited some comment. Kochav [88] 
suggested that ex post cost inflation can be 
inferred if wages per worker have in- 
creased more than product per worker; he 
did not, however, describe his implicit 


% His estimated equation for changes of prices in 
manufacturing and in agriculture show price changes 
as linear functions of changes in wages and productivity. 
The coefficient of wage changes is larger than the co- 
efficient of productivity changes; this implies that had 
wages been geared to increases in output per worker—a 
policy officially adopted in the early 1960’s—wage 
policy would still have been inflationary. However, the 
differences in the coefficients may be too small to be 
significant. 
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model. Klinov-Malul (65, pp. 274-276] has 
also suggested using changes in the share of 
wages in national income as a possible in- 
dication of cost or demand inflation. She 
explicitly assumes a Cobb-Douglas pro- 
duction function for the economy; i.e., she 
assumes that the share of wages should be 
constant in equilibrium. She furthermore 
assumes that inflation is the only cause for 
‘divergence from equilibrium. Thus, under 
cost inflation wages will lead, and under 
demand inflation wages will lag. Look- 
ing at the Israeli data, Klinov—-Malul 
finds that a declining wage share between 
1955-61 is consistent with demand infla- 
tion, and a rising wage share in 1964 and 
1965 indicates cost inflation. Unfortu- 
nately, this test also suggests demand in- 


flation for the 1952-55 period, a period ` 


which is generally recognized to have been 
a classic example of cost inflation. Klinov— 
Malul herself points out that Bruno [23] 
has explained the declining wage share as 
the result of market forces correcting 
disequilibrium in the early 1950’s, when 
the price of labor exceeded the marginal 
product of labor; these findings are con- 
sistent with Bahral’s analysis [4]. 
Another test employed by Klinov— 
Malul concerns the connection between 
the change in unemployment and the rise 
in average wages. In 1952-53 and again in 
1965, she finds that unemployment and 
wages both rose, suggesting cost inflation, 
whereas in 1955-64 wages rose while un- 
employment fell. f 
In his estimates of various multipliers, 
Evans stresses the inflationary effects of 
wage increases. He finds that an increase in 
wages raises prices, which again raises 
wages; however, real wages increase. 
Lerner had pointed out how, in some 
cases, the COLA increased wages more 
than the increase in prices, and many have 
discussed the fact that exemption of the 
COLA from income tax increases real 
wages when prices rise. But Evans goes 


further: he stresses the fact that increases 
in wages raise some prices, but not all 
prices; assuming no devaluation, import 
prices do not rise, and prices of govern- 
ment services lag. Therefore, real wages 
and disposable income increase. He derives 
an upward sloping IS curve. Thus, wage 
increases lead to increases in real demand 
and employment, which lead to larger 
increases in wages and demand; the situa- 
tion becomes explosive as full—employ- 
ment is reached, and calls for government 
intervention. 

Evans, Lerner and a special committee 
set up to study the workings of COLA” 
[173] all agree that it is intrinsically infla- 
tionary in cost inflation situations, given 
Israel’s institutional system. However, 
the Committee pointed out that the 
COLA cannot initiate inflation, nor does it 
have any inflationary influence in a period 
of demand inflation except when, because 
of lags, the COLA adjustment of wages is 
made after the market has already raised 
wages. 

The relationship between wages and 
prices has also been examined empirically 
by Kleiman and Ophir [84]. Using quart- 
erly data, they constructed regressions for 
two periods, 1955-59 and 1960-65. Their 
regressions show that during the first 
period, two-fifths of the change in indus- 
trial prices is explained by changes in 
wages; taking into account the level of 
unemployment as a variable leads to a 
puzzling result: there is a positive correla- 
tion between unemployment and price in- 
creases. For the second period, they found 
that wage increases explain a smaller part 
of the rise in prices, but unemployment 
(and even more strongly, changes in un- 


8? This committee reached a consensus on all points 
(except one which really concerned an interpretation of 
its terms of reference), though made up of four econo- 
mists representing different interests: B. Baer, of the 
Manufacturers’ Association, D. Golomb, of the Hista- 
drut, and E. Kleiman and D. Levhari of the Hebrew 
University. 
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employment) are negatively correlated 
with price increases. Taking the 1955-65 
period as a whole, using quarterly in- 
dustrial wages, they found that changes in 
the level of unemployment explain changes 
in wages better than the level of unem- 
ployment does (together with the CPI 45 
per cent). Evans, using annual data, found 
that the unemployment level was not a 
major factor in explaining wage increases: 
his equations show that average annual 
increases are only slightly higher at a 10 
per cent level of unemployment than at a 
4 per cent level of unemployment. 


E. Linkage Schemes 


Linkage of wages to the CPI, by the 
COLA, is an arrangement that covers 
all wage and salary earners. During the 
1950’s, linkage of internal loans, invest- 
ments and savings had gradually devel- 
oped and was applied widely—the linkage 
being to the CPI, to the foreign exchange 
rate, or to both. In fact, the extensive use 
of linkage has been a main factor inducing 
government to worry about price rises, 
more than about the causes of price rises. 
There has been considerable discussion of 
wage linkage and its part in the inflation- 
ary process, but much less of the role of 
linkage as a hedge against the effects of 
inflation. 

The Committee which examined the 
effects of the COLA [173] has shown that 
in a period of demand inflation the system 
is an excellent way to restore, without 
labor disputes, an income distribution 
(between capital and labor) that has been 
distorted by price rises. The less—than— 
perfect existing system, within Israel’s 
less-than—perfect competitive labor mar- 
ket, the Committee believes, greatly re- 
duced friction between unions and man- 
agement during Israel’s inflationary ex- 
perience. 

The Committee stresses that much mis- 
understanding arises from a confusion 


between two different objectives of the 
COLA system. One, already mentioned, is 
the preservation (or more exactly, restora- 
tion) of the income distribution between 
labor and capital during inflation. The 
second, in fact that most commonly 
thought of in connection with the system, 
is to preserve the real value of wages. This 
objective appears obviously desirable when 
prices are rising. However, if the rise in 
prices is due to a conscious attempt to 
lower real income, for example, by de- 
valuation or indirect taxation, should 
there be an automatic system to negate it? 
The attempt to do so will lead to unem- 
ployment or cost inflation. Automatic 
compensation for such increases in prices 
denies the government its right to devalue 
the currency, or to lower disposable income 
by indirect taxation.** This point has also 
been forforcefully made by Morag [109, 
110 and 111, p. 170]. 

A misconception which is widely held in 
Israel is that the lag in payment of the 
COLA means that workers are not fully 
compensated for price increases." The 
Committee pointed out that this is not 
true: when prices rise at a constant rate, 
wages rise—with a lag—at the same rate; 
when prices rise at a decreasing rate, wages 
rise (again, with a lag) at a faster rate, but 
when prices rise at an accelerated rate, 
wages rise more slowly. In all cases, an 
exact COLA system would exactly equate 
the index of wages to the index of prices, 


58 In this connection, it is worth citing Kohav’s [88] 
contention that cost-inflation initiated by indirect 
taxes is misnamed, because government expenditures 
are planned independently of revenue, so that indirect 
taxes are alternatives to a government deficit, and are 
thus an “alternative to demand inflation.” 

8 The Committee suggested excluding from the CPI 
index changes in import prices, but stopped short (ex- 
cept for a minority opinion by Baer) of suggesting the 
exclusion of indirect taxes, because of differences of 
opinion as regards terms of reference. 

% Workers are of course not fully compensated if the 
COLA covers less than the total wage, as is usually the 
case for the higher wage recipients, 
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with a one period lag. However, attention 
should be paid to the periods compared; 
there is an initial loss, thereafter compen- 
sation is adequate or more. 

Escalator clauses for loans were first 
introduced in 1949, but only gradually 
during the 1950’s did they become wide- 
spread. The linkage of loans has been 
surveyed by Sarnat [133, pp. 71-74] and 
Morag [112]. Sarnat has pointed out that 

private rather than government initiative 
` played a major role in the development of 
the system. He also stressed the role of 
linkage in the development of the bond 
market [134, p. 107], and in the develop- 
ment of savings through provident pension 
funds [133]. The effective rate of interest 
or return, taking into account all nominal 
charges and linkage to the foreign ex- 
change rate, or to the CPI, has been esti- 
mated for loans by Ben-Shahar [16], for 
investments of retirement funds by Sarnat 
[133] and for bonds by Ben-Shahar and 
Sarnat together [17]. 

These data are relevant to a problem 
frequently discussed: To what should 
loans be linked, the foreign exchange rate 
or the CPI? In an early discussion of this 
question designed as a guide to holders of 
bonds who had to choose between the two 
kinds of linkage, Riemer [128] pointed out 
that linkage to the CPI gives security, if 
the index can be considered an accurate 
measure of the price level of consumer 
goods for middle-class investors, whereas 
linkage to the rate on the dollar answers a 
quest for speculation. On the other hand, 
investors who had foreign debts linked to 
the dollar would find security in linkage to 
the exchange rate. Doroth—Dusterwald 
[35] also stressed the danger to firms and 


© When these holders of the bonds discussed, issued 
by the Palestine Electric Corporation in 1955, made 
their decision, 80 per cent opted for linkage to the con- 
sumer price index; Sarnat maintains that this choice 
reflects the large institutional (retirement funds) de- 
mand for these bonds [133, p. 41]. 


even to the government of having liabil- 
ities linked to the dollar when assets are 
not linked at all, or are linked to some 
other measure. Ben-Shahar and Sarnat 
show that for the 1958-64 period (a formal 
devaluation was declared only in Febru- 
ary 1962) dollar-linked bonds gave a 
higher rate of return than those linked 
partly to the dollar and partly to the CPI. 
Bonds linked only to the CPI gave a lower 
return, and unlinked bonds only a very 
slight return. 

The Bank of Israel [152] argued that 
linkage to the foreign exchange rate was 
undesirable because of the sporadic and 
extreme nature of changes in the exchange 
rate. Morag, a strong proponent of escala- 
tor clauses in general, also objected to 
foreign linkage [112, p. 149] on the grounds 
that it has implications of an “abdication 
of the local currency,” that it frustrates 
devaluation (even when needed), and that 
the linkage charges actually paid or re- 
ceived would vary very much and depend 
on how near to the date of devaluation the 
obligations were incurred. This last point is 
well brought out by the Ben—Shahar- 
Sarnat data. After the 1962 devaluation, 
the government tried to discourage linkage 
to the foreign exchange rate. In recent 
years, all linkage of loans has been con- 
siderably reduced, by introduction of an 
optional four per cent “insurance” against 
price rises surcharge instead of linkage to 
the CPI. 

As regards linkage in general, Morag 
has been the most articulate spokesman 
for linking everything to some price index, 
and thus making the entire economy in- 
flation~proof. Morag saw the evils of in- 
flation not in the mere rise in the price 
level, but in its effect on the growth and 
distribution of real product. These ad- 
verse affects could be avoided by general 
escalator clauses [{11, pp. 154-173]. To 
those, such as Horowitz [76], who feel that 
the major evil of inflation lies in its effects 


` 
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on the balance of payments, Morag’s solu- 
tion is little help; they would reject the 
implied necessity of reliance on frequent 
devaluation to solve the balance of pay- 
ments deficit. Thus, they suggest restrain- 
ing inflation rather than using linkage to 
mitigate its effects. 

When Morag presented his suggestion 
at the 3rd Rehovot Conference in 1965, 
two of the discussants who argued against 
it, Richard Goode and Harry G. Johnson, 
raised the point that such an inflation- 
proof scheme would eliminate the use of 
inflation as a method of redistributing in- 
come and wealth. This of course implies 
that one can regard inflation as having 
some desirable (or at least useful) effects. 
As mentioned above, the only one to de- 
fend inflation in Israel—and then only lim- 
ited inflation—has been Schweizer [138], 
who stressed that it stimulates investment. 
Though this view is in the extreme minor- 
ity, the Israel experience would suggest 
that it should be more popular: inflation 
has been used for almost twenty years as a 
means of increasing investment, creating 
forced savings, and redistributing income. 
This observation leads us to a final com- 
ment; though there have been many re- 
flections and oracular statements about 
inflation in Israel, there has been no seri- 
ous empirical investigation or even serious 
discussion of whether the inflationary pol- 
icy was on the whole justified, or whether 
Israel’s economic achievements have been 
attained without inflation. In this respect, 
Israeli economists share a failing with econ- 
omists the world over. 


V. Agricultural Policy 


Agriculture in Israel is much more than 
a branch of the economy; it is a cherished 
way of life. The concept of socialist- 
Zionism was rooted in the ideal of restor- 
ing the Jews of the diaspora to land and to 
labor, in Palestine. Any history of the 
modern restoration of Jewish Palestine 


would have to lay great stress on the de- 
velopment of agricultural settlements, 
particularly the moskav (cooperative vil- 
lage) and kibbutz (collective village). The 
development of these forms of settlement 
between 1900 and 1947 was, to a large ex- 
tent, formed by the sociological, political 
and economic conditions prevailing at the 
time; the great success of these settlements 
during the pre-State period did much to 
determine the attitude to agriculture and 
agricultural settlement after 1948. 

Three factors—the influx of new immi- 
grants, the cutting off of Israel from tradi- 
tional sources of food, and the sudden 
availability of land vacated by Arabs— 
combined to make massive agricultural 
settlement an obviously wise decision. 
Within three years hundreds of settle- 
ments were set up, and the cultivated area 
doubled; the following years were marked 
by tremendous investment in irrigation. 
Though agricultural development was 
slowed down after the first few years, agri- 
culture has remained subject to a degree 
of public control not usually found in 
non—Communist countires. The over- 
whelming public ownership of land (93 per 
cent), the continuous vesting of responsi- 
bilities for colonization policy in the hands 
of the Jewish Agency for Palestine (in 
cooperation with the Ministry of Agricul- 
ture), and the affiliation of the collective 
and cooperative villages with the Hista- 
drut, all combine to explain this. Even 
citriculture—where the private sector is 
strongest—is subject to control through a 
Citrus Marketing Board. 

The debates concerning agricultural 
policy have covered many topics: plan- 
ning, colonization, production, marketing 
and pricing of goods and factors, In gen- 
eral, it may be said that the debates main- 
ly relate to the application of economic 


© A survey of agricultural development in Israel is 
contained in Mundlak [114, Ch. 2]. 
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considerations to agricultural policy, and 


the way various instruments of policy take 


them into account. Three examples of pol- 
icy discussion are: farm structure, the 
pricing of water, and agricultural planning. 


A. Farm Structure 


Though historically private farming 
preceded the kibbutz and moshav, the 
latter has gained prominence. The reluct- 
ance of most new immigrants to adopt the 
more communal life of the kibbutz led to 
placing greater stress on the moshav in 
colonization policy after 1948. During the- 
pre-State period, political restrictions on 
land purchase and emphasis on ‘“‘absorp- 
tive capacity” in immigration policy led 
to the development of a farm which ac- 
cented mixed farming: great labor intens- 
ity, diversity of crops, and concentration 
on high-value foodstuffs. The mass coloni- 
zation of the early post-1948 years tended 
to reproduce the type of farm which had 
proven so successful in the past. But the 
basic economic conditions had changed: 
land was now abundant, and in a short 
period of time it became apparent that 
water was the scarce factor.® This funda- 
mental change was emphasized by a com- 
mittee examining Israel’s agriculture in 
1953/54 [165], whose report reflected the 
tremendous contribution to the introduc- 
tion of economic considerations into agri- 
cultural policy of Marion Clawson, then 
a member of the Economic Advisory Staff. 
Moreover, by 1954 the supply of the high- 
value mixed—farming products was out- 
running demand; whereas previously price 
control was used to keep prices down, now 
controls and subsidies were widely used to 
protect farm income. Albert G Black, the 
FAO representative in Israel—who shares 
with Clawson the credit for influencing 
local thought—attacked the form of the 

& The importance of the changes in these factors was 


pointed out as early as 1951, for example by Samuel 
{132}. 


moshav [18]. He pointed out that the struc- 
ture of the farm could not support efficient 
agriculture, and recommended a switch to 
field-crops, farmed on large tracts of land. 
A major defect of Black’s recommenda- 
tions, in the sense that it made them un- 
acceptable, was his attack on the basic 
concept of the family farm. Weitz, a senior 
official (later director) of the Jewish 
Agency Colonization Department,adopted 
Black’s ideas but tried to adapt them to 
the standard concept of the family farm 
and moshav. He argued [53] that the family 
farm could be efficient if more land was 
allocated per settler. Thus, each family 
would be guaranteed some income from 
higher-value crops and livestock near the 
house, and also work efficiently on field 
crops if a portion of each family’s land 
formed part of an extensive belt farmed 
cooperatively. Weitz described different 
types of farms, suitable for different re- 
gions of the country. In time, greater di- 
versity in farms was both planned and 
implemented. Weitz and Rokach have 
done much to publicize the Israeli experi- 
ence in rural planning, based on the idea of 
the family farm, and its suitability as a 
model for developing countries, e.g. [144, 
145}. 

The economic planning of farm settle- 
ments benefitted considerably from stud- 
ies of established family farms, initiated 
by Kaddar with the Falk Project for 
Economic Research in Israel in 1954, taken 
over by Lowe and the Ministry of Agri- 
culture, and later by Mundlak, who pub- 
lished the most detailed results of these 
studies [113]. Based on a sample of estab- 
lished farms in cooperative villages, these 
studies surveyed developments in output 
and the response to price changes, and 
estimated production functions. Mundlak 
has shown. how the administrative alloca- 
tion of land and water led farmers to re- 
spond to administered market prices by 
concentrating on cattle and poultry pro- 
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ducts, and expanding output by use of 
large inputs. As a consequence, the mar- 
ginal product of a unit of land and water 
was found to be zero, because a shift from 
cattle and poultry (low land—water users) 
into crops or forage did not add to the 
value of production. A more far-reaching 
conclusion was that newer farms could 
not follow the same path to reach a high 
standard of living——comparable to that 
of urban workers, because of the satura- 
tion of the market. Consequently, a 
switch to larger farms and other products 
was recommended. That the existing sub- 
sidization of products went primarily to 
increase the income of established farms 
and led to great interfarm income in- 
equality was also the conclusion of a com- 
mittee studying the farm situation in 
1959 [172]. 


B. The Pricing of Water 


The attitude toward agriculture in gen- 
eral is clearly evident in the never-ending 
discussion of the pricing of water. In 
Israel, most of the cultivable land is in the 
south, where rainfall is slight, whereas the 
main sources of water are in the north. 
The concept of a country-wide water sys- 
tem was envisaged during the pre-State 
period; but only after independence was 
achieved could state planning and imple- 
mentation of the water network be under- 
taken. With the completion of the Jordan 
River Project, all the major regional water 
schemes are interconnected, making possi- 
ble not only transfers of water from the 
north to the south, but also balancing of 
all regional surpluses and shortages. These 
projects turned out to be quite expensive; 
thus water costs are high by international 
comparisons. Moreover, over the years the 
estimates of total water resources became 
increasingly less optimistic; at present, it 
is clear that conventional sources of water 
(i.e. exclusive of desalination) can irrigate 
no more than half the cultivable land. 


Thus the questions where to use the 
water and who should pay for it became 
crucial, the more so since a large part of the 
total water supply is provided by a public 
water company. 

The most extreme position is that water. 
should be free, like air. As soon as water 
was recognized to be a scarce factor, even 
the more optimistic water-planners took 
a less extreme position. Blass, for many 
years director of water planning and the 
most optimistic regarding available water 
resources, defended the idea that water 
must bear a price to the consumer to pre- 
vent wastage—by which he means simply 
using too much, or not turning off taps 
[19]. He also recognized that a unitary 
national price would be neither economic 
nor just. He differentiated between the 
real cost of production of water, which he 
understated by taking a 3 per cent rate 
of interest as “suitable” for public pro- 
jects, and the price which should be charg- 
ed to farmers. Farmers could not be ex- 
pected to pay the full cost of water be- 
cause it is too expensive in distant areas 
and too cheap near the water sources. 
Kariv, a senior official of the water supply 
company, came out against the double 
subsidization of water, once by under- 
estimating costs, and again by selling to 
farmers below estimated costs [80]. He 
pointed out the misallocation of resources 
arising from such pricing. Though advo- 
cating estimating costs more realistically, 
he did not clearly specify how prices to the 
farmers should be determined. 

More generally, the following argument 
must be answered: In Israel, development 
of under—populated areas has been given 
national priority, and fostered by direct 
transfer of immigrants to agricultural 
settlements. Must they bear the price of 
high water costs? The system used to sub- 
sidize water implies that in part water is 
considered a social good, part of whose 
cost is covered by the government. At a 


HALEVI: ECONOMIC POLICY IN ISRAEL 


symposium on the economics of water. 
held at the Hebrew University in 1965 
[168], one suggestion raised was to consider 
the availability of water in each area as a 
national burden; farmers would pay only 
marginal costs, these being charged in 
order to induce them to use water eco- 
nomically in their choice of crops. The 


` exclusion of fixed costs in estimating the 


ae 





price of water is common policy, but the 
exact establishment of marginal costs and 
marginal cost pricing has not been done. 

As a basis for more rational pricing of 
water; two detailed studies have been car- 
ried out. Yaron has estimated the agri- 
cultural demand for water. He used a 
double approach: sample studies for cer- 
tain areas to determine the marginal pro- 
duct of water in the past, and a linear pro- 
gramming model to estimate more gener- 
ally the optimal change in production 
plans and farm income as a result of 
changes in the amount of water [147, 148]. 
Ophir has made short-run cost estimates 
of the supply of water, and taking demand 
estimates as parameters, he has used a 
linear programming model to estimate 
long-run supply curves. Examining fifty 
projects for the development of new water 
sources, the model shows the optimum 
sequence of water development. While the 
final results have not yet been published, 
the approach has been described in [117] 
and some preliminary results presented in 
[116]. 

Though much progress has been made in 
estimating the economic variables neces- 
sary for rational use of water resources, 
less has been done to show how price 
policy can be used within Israel’s institu- 
tional constraints. The basic problem has 
been clearly formulated in a symposium 
carried out in 1965 at the Hebrew Univer- 
sity Department of Agricultural Econom- 
ics. Replying to a suggestion by Mundlak 
that moshav farmers should be allowed to 
trade water rights, Gvati (later Minister 


{ii 


of Agriculture) stated that though it was 
possible that such a policy would increase 
economic efficiency, he was certain that it 
would undermine the social-economic 
structure of the moshav. 


C. Agricultural Planning 


The development of agricultural plan- 
ning in Israel reflects the progress of eco- 
nomic thought concerning agriculture. 
Planning is undertaken jointly by the 
Ministry of Agriculture (responsible for 
agricultural policy) and the Jewish Agency 
Colonization Department (responsible for 
new agricultural settlements). There has 
been a series of four, five and even seven 
year plans; it may be said that planning is 
continuous. 

The first plans [e.g., 167] were mainly 
physical, not economic. They concen- 
trated on maximization of food produc- 
tion, and on economizing on foreign ex- 
change, and assumed that 25 per cent of 
the population should subsist from agri- 
culture. The early seven-year plans were 
not very accurate forecasts; comparing 
the original 1963 plan for 1959/60 with 
actual production in 1959/60, Lowe has 
shown [99] that water usage was grossly 
over—stimated and non-irrigated culti- 
vated land grossly under-estimated; pro- 
duction developed more than planned in 
poultry, beef and vegetables, and much 
less than expected in field crops. 

Gradually, economic considerations were 
introduced; however, no single clear cut 
criterion is evident. Rubner (131, p. 111] 
summarized the following often contradic- 
tory criteria used for planning: maximum 
income of farmers, maximum production 
of calories, maximum foreign exchange 
earnings, maximum value of output per 
acre, maximum value of output per unit 
of water, and maximum employment per 
unit of land. 

Mundlak supervised a massive study of 
demand and supply of agricultural com- 
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modities, making forecasts for 1965 and 
1975 [114]. The approach of the study was 
as follows: (1) Assuming 1960 prices to re- 
main unchanged, demand was estimated 
on the basis of projections of income and 
studies of income elasticity (mainly Livia- 
tan’s [98]). (2) Supply was estimated on 
the basis of past trends and anticipated 
changes in productivity and wages, again 
under the assumption of constant relative 


prices. (3) Finally, prices were allowed to. 


vary, and equilibrium prices were esti- 
mated taking into account cross~elastici- 
ties of demand. Mundlak’s main conclu- 
sion [Vol. I, Ch. 1] was that only relatively 
small price adjustment could be antici- 
pated, therefore the dislocation involved 
in transferring from intervention to. re- 
liance on a free price mechanism would be 
small. Though he did not suggest a de- 
tailed agricultural policy, he advocated a 
new approach, to wit: reliance on the price 
mechanism in both the product and the 
factor markets. 

In fact, his approach has not been 
adopted. But the detailed knowledge care- 
fully accumulated on production functions, 
income and price elasticities have been 
taken into account in recent planning. 
The joint effort of many economists, in- 
cluding those of the Hebrew University 
Department of Agricultural Economics, 
the recent five-year plan [166] departs 
from its predecessors both in its dove- 
tailing of national, regional and local 
plans, and in its incorporation of policy 
recommendations for development of in- 
ternationally tradeable goods (evaluated 
on the basis of cost per dollar), fluctuating 
-price local market products, and other 
domestic goods. Conceding that pricing 
policy in the past was mainly income- 
oriented (and not too successfully at that) 
and ignored allocation effects, Yaacobi 
[146] maintains that the new plans call for 
much more balanced use of price and other 
intervention policies, with gradual elimi- 


nation of distorting subsidies. How this 
will actually develop remains to be seen. 
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‘Security Pricing and Investment Criteria 
in Competitive Markets 


By Jan Mossin* 


The theory of finance has—or should 
have—two basic objectives. On the one 
hand, the theory should be able to explain 
and interpret phenomena in financial mar- 
kets. On the other hand, the theory should 
assist management in making the best de- 
cisions with respect to the company’s in- 
vestment and financing decisions by pro- 
viding useful analytical tools within a 
realistic theoretical framework. 

Everyone would agree that these two 
aspects of the theory of finance are closely 
related. The reason is very simple. The 
most general and universally acceptable 
formulation of company objectives is max- 
imization of the market value of the 
company’s equity. Through its actions 
management can influence the market 
value, but is clearly unable to determine it 
completely. The market value is deter- 
mined by the simultaneous interplay of 
supply and demand in the capital markets, 
where other companies also participate as 
suppliers of securities and where various 
investors participate in the demand for 
these securities. No theory of finance can 
give a satisfactory explanation of security 
valuation or investment behavior if it fails 
to take into account the relationships that 
exist with individual investors’ portfolio 
decisions. This means that all the invest- 
ment alternatives open to the investor 
must be taken into account if we want to 
understand his evaluation of any one of 
them. Market values are determined by 
the demand by all investors, and this 


* Norwegian School of Economics and Business Ad- 
ministration, visiting professor, Graduate School of 
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leads us to establish a theory of general 
equilibrium in capital markets. For with- 
out such a model, management is unable 
to foresee the effécts of alternative invest- 
ment and financing decisions. 

The task of specifying relations con- 
stituting such an equilibrium model is not 
a mean one; so I shall only be able to in- 
dicate its structure in broad outline, but I 
shall also, by means of examples, show 
how the theory can be utilized to derive 
meaningful conclusions. 

In view of the fundamental theoretical 
role that the analysis of capital markets 
should play for the study of the corporate 
decisions, it is remarkable to what limited 
extent such an analysis has been brought 
explicitly into existing financial literature. 
Even in modern and reputable introduc- 
tions to the theory of finance, the market 
plays a highly indirect role. A number of 
hypotheses are advanced concerning the’ 
way in which the market evaluates and 
reacts (e.g., with respect to discounting 
for time and uncertainty), but these 
hypotheses are entirely ad hoc and quite 
arbitrary, since they are not derived from 
any fundamental assumptions describing 
market equilibrium. 

In the celebrated contribution by 
Modigliani and Miller [4], the relationship 
between individual portolio decisions and 
market valuation is brought out more 
clearly, even though no general equilibrium 
model is explicitly specified. The M-M 
theory will be discussed in more detail 
below. 

During the past few years there has 
been a fast growing interest in models of 
general equilibrium in markets for un- 
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certain claims, i.e., financial markets. 
Some of the interest has centered on ques- 
tions of efficiency (Pareto optimality) of 
risk allocations under various market ar- 
rangements [1]; From the point of view of 
the theory of finance, however, the main 
concern is with the description, or charac- 
terization, of the equilibrium situation it- 
self (regardless of whether this situation 
represents an efficient allocation of risk). 
A pioneering work here is that by William 
Sharpe [6]. In [5], an attempt was made to 
sharpen and extend some of his conclusions. 
The purpose of this paper is to demon- 
strate, by means of a slightly modified 
version of this model, some of its im- 
plications for the analysis of the firm’s 
optimal investment and financing deci- 
sions. 


I. A Market Model 


The model we shall consider is very 
much in the classical tradition. Formally, 
it is a model of pure exchange, and there 
are two types of exchange objects: bonds, 
issued either by firms or by the investors 
themselves; and company ordinary shares. 
The analysis takes as given the firms’ in- 
vestment and financing decisions. On the 
basis of the relationships to be derived be- 
tween these decisions and market value we 
can infer the effects of alternative de- 
cisions. Thus, the activity carried out by 
company j is described by a random vari- 
able X;, representing the gross yield of 
that activity. When the outcome of any 
such variable becomes known, it is dis- 
tributed among investors on the basis of 
the shares and bonds they have acquired 
through the market exchange. A stylized 
example may serve to fix ideas: Each 
company is a farm which has, at the time 
of trading, effected its investments (plant- 
ing of its land) as well as its financing 
(share sale and borrowing). Thus, the 
supply of various securities are given data. 
The trading then determines an allocation 
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of these securities among investors. Crop 
values are still unknown and represented 
by random variables X;. After the harvest 
is completed, crop values will be used 
partly for amortizing debt, while the re- 
mainder is distributed to shareholders. 

The most important assumption we 
shall make is that the bond market is 
perfect in the sense that everyone, firms 
as well as investors, can lend or borrow 
any amount at a given and certain rate of 
interest. This is the same as disregarding 
default risk: all claims will be paid. 

With this, the variables entering the 
model are the following: 


For company j: 

X= gross yield (with E(X) = Hj 

E(X;— u) (Xa u) = on) ; 

d;= debt; 

p;=market value of shares; 

v;= p;+d;=market value of company; 

R,;=X,;—rd;=return to shares, where 
r is the certain rate of return on 
loans.! 


For investor i: 


w,;=initial wealth; 
gij= fraction owned of company 7; 
m;=Wi—) _2i7p;= net bond holdings; 


j 


Y;= rt) zyR;= final wealth. 
i 


The market clearing conditions: 
(1) ty = 1 (all 7) 
i 


1 That is, we interpret y as one plus the interest rate. 
This is because, formally, we assume a single period 
horizon of finite length. This in itself is unimportant, 
however: the important limitation is that we consider 
only a single decision—or market—date, rather than a 
sequence of decision dates. The model and the variables 
are easily reinterpreted so as to represent an infinite 
horizon. In that case, r must represent the interest 
rate (per time unit) itself, while X; must be taken as 
an infinite flow of yield (or net profit before interest 
payments), in principle constant through time, but 
unknown as of the market date. 


a 
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(2) Lm= yd 
i i 


Apart from the assumption of a perfect 
bond market, everything written down so 
far is a definition or accounting identity. 
Nevertheless, we are already in a position 
to show a very simple result. This is the 
well-known Proposition I of Modigliani 
and Miller [4], namely, that total company 
value is independent of the level of debt: 
For by substitution of the budget equation 
and the definition of R;, we can write final 
wealth as 


FY; = wim = zati) 
(3) + D sylX; — rd) 
F 
= rw; + $ sulX; — roj). 
; 


In other words: regardless of the portfolio 
the investor chooses to buy, the proba- 
bility distribution for final wealth will be 
independent of how company values are 
composed of share values and debt. Then, 
. suppose a change occured in the d,’s. If 

2ij==1 before the change, i.e., demand 
for shares equalled the supply of shares, 
the equality would hold after the change. 
As a result of this and the fact that J iw; 
=} v; identically, excess demand for 
bonds would also remain at zero. In other 
words, if debt-equity ratios are changed, 
and company values remain unchanged, all 
markets will clear; hence the equilibrium 
values will in fact be independent of debt 
levels. Given the probability distribution 
for yields, the amounts of debt will be en- 
tirely incidental. This particular formula- 
tion is important: if, for some reason, a 
dependence exists between the funds raised 
by borrowing and the level of operations 
carried out by the firm,? then a correspond- 
ing dependence would be observed between 


2? As, for example, in Diamond’s model [2], to be dis- 
cussed later. 


debt level and market value. Yet, as it 
stands, M-M’s Proposition I follows al- 
most as an accounting identity, given of 
course, the assumption of a perfect loan 
market. If interest rates differ, either 
among companies or in relation to private 
loans, then clearly (3) does not hold. 

We have not yet specified investors’ 
demand for shares and bonds. In principle, 
these are easy to write down. By choosing 
different sets of values of the z,;, the in- 
vestor will obtain different probability dis- 
tributions for final wealth. If he follows 
certain rules of consistency (the von Neu- 
mann-Morgenstern conditions) in his 
choice among such probability distribu- 
tions, then there exists a utility function 
UY.) such that the preferred values of 
the gą are those that maximize expected 
utility, H[U.(Y.)]. His demand is thus de- 
scribed by the relations 


dE[UAY))] 


ie, = E[U/(¥)(X;—1))] 


=0 (all j) 


Formally, the model is now complete. 
Under normal conditions we may assume 
that our equations determine the market 
solution, i.e., the market value of each 
company and the corresponding equili- 
brium portfolios. 

To see the potentiality of the model for 
generating meaningful hypotheses, I shall 
proceed to specify the preference struc- 
tures of investors by assuming, as an 
illustration, that these can be represented 
by quadratic utility functions? 


3 I shall refrain from another review of the various 
shortcomings of, and objections to, quadratic utility 
functions; any etudent of the literature on risk taking 
will be thoroughly familiar (if not fed up) with the 
topic, The justification here is clearly that of providing a 
particularly simple and illuminating application of the 
general theory. It should be added, though, that 
quadratic utility functions do allow an unconstrained 
Pareto optimal risk allocation to be achieved by means 
of markets for bonds and ordinary shares only (see 
(i). 


752 THE AMERICAN ECONOMIC REVIEW 


UY) = Yi aY? 


This will make it possible to derive an 
explicit expression for market values, and 
it is obvious that they will depend only 
on expected yields and covariances be- 
tween yields. 

I. A Market Valuation Formula 


The derivation of such a formula is 
straightforward, although somewhat te- 
dious. By substituting for marginal utility, 
taking expectations, and rearranging, we 
shall be able to write the demand relations 
on the form 


2 Zaloz + (uz — roj) (ur — 10%) ] 


e R ates 


which give, for each investor, a system of 
linear equations with constant coefficients. 
Taking now the j’th equation for each in- 
vestor and summing (over 1), we obtain 


2 lom + (us — roj) (ur — ro)] 
(5) i 


On the left-hand side, the z; have dropped 
out because of (1). With respect to the 
right-hand side we have, by summing the 
budget equations over 7: 


dws Dm + SD zapi 
$ i k 
= J ht Dm 
> F 
= J o. 


The term r(u;-1v;) Dou then drops out on 
k 


both sides in (5), and we are left with 
1 
w- (E Pa Da) =) on, 
‘ 2c; k k 


which, when solved for v;, gives 


2a on 


> 


Se ec 


T 2c E 


(6) 4 =—]| u — 


Here we have a surprisingly simple 
formula for the company’s market value, 
expressed solely in terms of given market 
parameters. The interpretation of the for- 
mula is also very simple. The second term 
is, as we shall see, a correction term for 
risk; so that the market value is computed 
simply by taking expected yield, allowing 
a certain deduction for risk, and then dis- 
counting the difference at the sure rate of 
interest.‘ Of course, formulae of this nature 
have often been suggested in earlier liter- 
ature, but here we have derived the for- 
mula from the description of market equi- 
librium. It is to be emphasised, however, 
that the formula makes no claim on 
generality, depending as it does on the 
particular preference structure we have 
assumed. 

The correction term for risk is seen to 
consist of two factors. The first one is the 
magnitude 


bs = Dion, 
k 


i.e., the sum of the covariances of yield 
with the yields of all other companies. 
Thus, in the case of quadratic utilities, 
this is the relevant risk measure associated 
with company 7’s activities. It can be in- 
terpreted as the contribution of company 
7 to the market’s total variance, since we 
obviously have 


Do bs = DD om = var (0) X)). 
j i k 3 


It is not very surprising to learn that a 
company’s risk cannot be measured by its 
own variance (c;;) alone, but also depends 
on its correlation with other firms. In 

4 Note that if we consider the model’s time span as 


infinite, with r being the rate of interest (fn. 1), then 
1/r becomes the appropriate discount factor. 


A 
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traditional approaches to financial analy- 
sis, this dependence is often missed, how- 
ever. Loosely speaking, a rainwear manu- 
facturer is worth relatively more if every- 
body else produces ice cream and suntan 
lotion. We even observe that if the yield of 
a company is sufficiently negatively cor- 
related with other companies’ yields, then 
b; may well become negative, i.e., its risk 
premium is negative. Since holdings in 
such a company strongly reduce the vari- 
ances of yield on investors’ portfolios, de- 
mand will be so large as to raise the market 
value of the company above its expected 
present value. 

The second factor, which serves as a 
weighting factor for the company risk 
factor b;, is 


1. 
R= — 
de —- Dee 
© 2c k 


This factor is seen to be the same for all 
companies and can be given an interpreta- 
tion as market risk aversion. I shall skip 
the details, but it can readily be shown 
that R is the harmonic mean of investors’ 
expected risk aversion, where by risk 
aversion we mean the Pratt-Arrow risk 
aversion measure 
Uf’ 


R= -— 


U; 
Then, 
1 


sen TN 
E{— 
2 (z) 

It is of some interest to observe that the 
introduction of additional investors, even 
if each possesses a very small amount of 
wealth, may influence company values 
considerably. The explanation of this non- 
intuitive result is quite simple, however; 
even though an investor may have an 


insignificant amount of wealth, he may be 


` able to borrow extensively and in this way 


affect security demand on roughly the 
same scale as a wealthy investor. 


II. Implications for Investment Decisions 
We are now in a position to examine 


` some of the implications of our model for 


the firm’s optimal investment policy. It is 
useful to begin by considering the M-M in- 
vestment theory, and to do so we must 
make clear the nature of their risk class 
assumption, described as follows: 
We shall assume that firms can be di- 
vided into “equivalent return” classes 
such that the return on the shares issued 
by any firm in any given class is pro- 
portional to (and hence perfectly cor- 
related with) the return on the shares 
issued by any other firm in the same 
class. This assumption implies that the 
various shares within the same class 


differ, at most, by a “scale factor.” 
[4, p. 266] 


Even though they use the expression 
“return on shares”, it is clear from the 
subsequent analysis that the assumption 
refers to (gross) yield; not necessarily the 
yield on equity. The assumption therefore, 
is that. firms can be divided into risk 
classes, such that two firms, j and k, be- 
long to the same class if, and only if, 


X; = aX, 


According to M-M, this assumption 
“plays a strategic role on the rest of the 
analysis”. This is because M-M set out to 
analyze investments undertaken by a firm 
in a given risk class. Now it is clear that if 
company j undertakes an investment 
which changes its yield from X; to X,’, it 
will stay within the same risk class only if 
X; and X; are proportional, i.e., if 


Xf = (1+ A)X;. 
The real meaning of the risk class as- 


sumption is therefore that the M-M anal- 
ysis is restricted to treat investments 
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which change the scale of operations only, 
or to use modern term, which are such that 
company yield changes by the same per- 
centage in all “states of the world”. The 
possibility of classifying different com- 
panies according to risk seems of less im- 
portance. 

The theoretical basis for M-M’s in- 
vestment analysis is now that an invest- 
ment which increases yield by a certain 
percentage in every state of the world 
must lead to the same relative increase in 
the company’s market value: 


v = a + AJo. 


Looking at the market value formula 
(6), we see that this is almost correct, but 
not entirely. It is easy to see that the new 
expected yield is 


ay = (1 + Adu; 


and that the same applies to all covariances 
(and so also to their sum), i.e., 


b; = (1 + A)B;. 


If now the risk aversion factor R remained 
unchanged, we would obviously have v; 
=(1+)) v. Yet, R is not entirely un- 
affected by changes in yields. We see that 
R depends on expected aggregate yield 
> pe, and this will necessarily change 


a 

when the expected yield of any one com- 
pany changes. In general, risk aversion 
will vary with yield, so that that strict 
proportionality will not be observed.’ 
What we shall do, however, is to treat this 
deviation as a minor and second order 
effect by assuming that the number of 
firms is so large that the change in the risk 
aversion is negligible. This is essentially 
the same as assuming that the companies 
regard themselves as pricetakers in the 
security markets. 


ë Since quadratic utility functions exhibit increasing 
risk aversion we have y; somewhat less that (1-+A)sy. 
Perhaps a mare plausible hypothesis is decreasing risk 
aversion; in that case the inequality would be reversed. 


Under this assumption it is easy to see 
from the first order conditions (4) that the 
proportionality relation holds for abritrary 
utility functions: if a change in one com- 
pany’s yield does not appreciably effect 
the investor’s marginal utility, then equa- 
tions (4) are satisfied only if v; and X; are 
changed in the same proportion. 

If the proportionality relation is ac- 
cepted, the rest of the analysis is very 
simple. To illustrate, we consider an in- 
vestment priced at J which will increase 
yield (and so also market value) by 100) 
pct., to be financed by borrowing. The 
new level of debt then becomes 


d? = dq +T, 
and the market value of equity 
pr =o — dj 
= (1+); —d;—-1 
= py tan — I. 


Consequently, the investment will be ac- 
ceptable only if 


oj = J, 
or, equivalently, if 
Ay 


Mie 
I Dj 


This is the M-M Proposition III: the 
criterion for undertaking the investment 
is that its expected rate of return is at 
least as high as the current expected rate of 
return of the company. As shown by M-M, 
this rule holds regardless of the method of 
financing the investment; borrowing was 
meant here as an illustration only. 

The M-M analysis is certainly not triv- 
ial, but since it can handle only very 
special types of investments, its applic- 
ability is limited. The alternative sug- 
gested here is to buy increased generality 
with respect to the nature of investments 
at the cost of decreased generality with 
respect to the nature of preferences. By 
means of an explicit market valuation for- 
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mula like (6), we are able to analyze in- 
vestments with completely arbitrary yield 
characteristics. To see how this is done, 
consider again loan financing of an in- 
vestment J, which will generate a yield 
represented by the random variable Z, 
which has mean u, and covariances on 
with all other yields (including X,). With 
this investment, company yield will be the 
variate 


Xf = X;+Z, 
and it is easily verified that 
Bs = wy + py 
P 7 + Czk for k i 
on, = 
Tjj + 2065 + oss fork = 3 


and consequently 
bj = b; + b 
where b=) otos; which is the relevant 
k 


risk measure for the investment when 
undertaken by company j. The new market 
value of the company will be 


1 
vj = v + — (ue — Rb), 
r 


so that the market value of equity be- 
comes 


1 
bf = pi + — (m — Rb.) — I 


Thus the investment will be undertaken 
only if 





1 
— (us — Rb.) 2 I, 
r 
or, equivalently, if 
2rd 
(7) “eR. 


6 We have to regard other firms’ investments as 
given independently of the decision of company j. If 
this assumption is not made, we are conceptually in a 
very complicated oligopoly situation, but one whose 
effects on the descisions to be made appear as rather 
second order. 


From currently available data on the 
firm’s activity we can compute the value of 
Ras 


Bj — 1d; 
SSS 
b; 


R 


and assuming, as before, that changes in 
R are negligible, we can write the invest- 
ment criterion as 
sa rl -r 
H S# i, 


(8) w? 





Again we have, on the right-hand side, 
objective data on the firm’s current ac- 
tivities, its expected yield net of interest 
costs divided by its current risk factor. 
On the left-hand side we have correspond- 
ing information on the proposed invest- 
ment, expected net yield divided by its 
own risk factor. It can easily be shown 
that this criterion is independent of the 
method of financing. 


A Remark On the “Social Rate of Discount” 
Debate. 


Without going into details, this debate 
can be summarized as follows. One argu- 
ment is that individual enterprises are too 
small to be willing to undertake socially 
desirable risky investments. The counter- 
argument is that with a market for shares, 
investors are able to diversify to the extent 
that the socially optimal risk level is at- 
tained. It is seen that the model presented 
here supports the latter argument. Assume 
that the investment opportunity Z is tech- 
nologically independent of the existing 
firms in the sense that its stochastic prop- 
erties are the same regardless of which 
company undertakes it; this means that 
the left-hand side of inequality (7) will 
have the same value for all companies. 
Also, R is the same for all companies, so 
that the criterion for undertaking the in- 
vestment is the same for all companies. 
Even if all existing companies were merged 
into one, the criterion would not change. 
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Hence, the only barriers to a socially 
optimal risk level are imperfections in the 
stock market. 


IV. Conclusion 


I believe that the analysis so far is 
sufficient to demonstrate both the use- 
fulness and the necessity of tying the 
theory of market adjustment in with the 
analysis of firm decision making. The re- 
sults we have obtained are admittedly 
specific to the particular preference struc- 
ture we have assumed, but nevertheless 
serve to illustrate the structure of the 
theory. It may also prove possible, by 
closer analysis of the general model, to 
develop operational results of the same 
nature. 

Apart from the preference structure, 
there are two particular directions in which 
generalization and extension of the theory 
seem useful and even possible. One is the 
possibility of removing the assumption of 
a perfect loan market without default risk. 
Formally, this requires a substantial in- 
crease in the number of markets, since we 
shall then have to distinguish among as 
many different types of bonds as there are 
companies (and possibly even more), each 
with its particular price. Analytically, such 
a formulation poses formidable problems. 
Some work has been done on models in- 
corporating default risk [7]; interestingly, 
it appears that at least parts of the M-M 
theory can be rescued also in this case. 

A second major task is to make the 
analysis less partial by extending the 
model’s domain of decision. The theory 
presented above gives no real explanation 
of how or why companies have arrived at 
the yield distribution and the amount of 
debt they happen to have; rather, we an- 
alyze marginal changes in company activ- 
ity. Clearly, there must be some kind of 
discretion involved in the relationship 
between the liability side of the firm’s bal- 
lance sheet and the yield made possible by 


the corresponding resources on the asset 
side. One approach to some of the prob- 
lems involved is represented by the impor- 
tant contribution of Peter Diamond [2]. In 
Diamond’s model there is, in addition to 
markets for stocks and bonds, a market for 
a factor of production which firms acquire 
from the public. Company debt then con- 
sists exclusively of claims to compensation 
for factor input. Company yield becomes a 
random variable which depends upon the 
input level: 
X; = Í. (ds, 6) 

Here @ is a random variable (the state of 
nature) representing the stochastic nature 
of production. A formulation along this 
line represents a step in the right direction, 
and it turns out that in such a model the 
characterization of the firm’s optimal in- 
vestment policy becomes a strangely in- 
tricate problem on which future research 
may hopefully have more to say. 
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interstate Wage Differentials: A Cross 
Section Analysis 


By Gerar W. Scutiy* 


The purpose of this article is to inquire 
into the nature of interstate wage dif- 
ferentials among manufacturing produc- 
tion workers in 1958 with the focus of at- 
tention being on the classic case of the 
differentials among northern and southern 
workers. This choice is motivated by the 
relative severity and longevity of the wage 
differential, and its apparent importance 
as measured by the previous attention 
economists have accorded it. 

One of the facts of economic life seems 
to be the general phenomenon of produc- 
tion workers in southern states receiving 
lower wage rates than their northern coun- 
terparts for work that is similarly per- 
formed. To be sure, the wage differential 
has narrowed over time. According to an 
early study by J. W. Block [3], the dif- 
ference in pay between northern and 
southern workers in 1907 was about 100 
percent. By 1946, the wage differential had 
narrowed to about 25 percent [3]. Other 
investigators [7], [8], [17] have confirmed 
the 20 to 25 percent overall magnitude of 
the wage differential for 1947. However, 
the narrowing trend in this period was not 
uniform. The period 1919 to 1929 evi- 
denced relative stability of regional wage 
differentials [4], while the period 1929 to 
1947 witnessed an improvement in the 
southern wage position [7]. Evidence for 
the 1947-54 period is conflicting. Martin 
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Segal [17] noted some narrowing for a ma- 
jority of manufacturing industries, while 
Victor Fuchs and Richard Perlman [7] 
found relative stability. Most investigators 
agreed that the overall wage differential in 
manufacturing for 1954 was in the neigh- 
borhood of 20 percent [8]. There had been 
little change in the differential by 1963 [5]. 

Much of the thrust of previous investi- 
gations has been confined to estimating the 
magnitude of the regional wage differential. 
Few attempts have been made to identify 
the factors which have caused and have 
served to perpetuate wage differentials, 
and rigorous testing of hypotheses has 
been lacking. In the more recent literature 
on the subject, three direct influences have 
been identified. Fuchs and Perlman, fol- 
lowing Frank Hanna’s methodology [12], 
were able to demonstrate that a portion 
of the wage differential was explained by 
regional differences in industry mix [7]. 
However, even after the adjustment for 
industry mix had been made, a sizeable 
differential remained unexplained. Segal 
suggested that interregional variations in 
the policies of unions and management re- 
sulted in the establishment and perpetu- 
ation of regional wage differentials [17]. 
Lowell Gallaway’s article suggested that 
differing factor proportions, sustained in 
the long run by barriers to the free interre- 
gional flow of factors of production, was 
the most probable cause of the differential 
[8]. 


I. The Hypothesis and the Data 


According to neoclassical theory, a wage 
differential between the southern and 
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northern states should not exist given per- 
fect competition and long-run equilibrium. 
However, despite the expectations from 
neoclassical theory, wage rates have not 
been equalized. Conventional economic 
theory and previous research in the area of 
wage differentials and the economics of 
human capital and discrimination sug- 
gest three major sources which could ac- 
count for the failure to achieve North- 
South wage uniformity and these lead to 
an a priori hypothesis. One major source 
of the variation in wage rates found among 
production workers in northern and south- 
ern states could be barriers to the free flow 
of resources among the regions, which im- 
plies different factor proportions. A second 
cause may be found in the non-homoge- 
neity of the labor force, i.e., interstate 
variations in the amount of human educa- 
tional capital manifest in workers. Finally, 
certain institutional factors may impede 
wage uniformity. Such impediments in- 
clude differences in bargaining strength 
and labor market discrimination against 
minority segments (nonwhites and fe- 
males) of the labor force. Therefore, varia- 
tions in an industry’s wage rate for pro- 
duction workers among the states may be 
related to five economic factors: (1) vari- 
ations in the capital-labor ratio, (2) vari- 
ations from state to state in the human 
educational capital manifest in production 
workers, (3) differences in union activity 
among the states, (4) variations in the 
percent of nonwhite production workers, 
and (5), variations in the percent of female 
production workers. 

The hypothesis may be stated sym- 
bolically as 


(1) wy = f(CLy, HCy, PUy, PNWy, PF i) 


where w, CL, HC, PU, PNW, and PF 
denote, respectively, the average hourly 


1 See George Borts [4] for a more complete discussion. 


wage rate paid to production workers,? the 
capital-labor ratio, the human capital- 
labor ratio, unionized production workers 
as a percent of the work force, nonwhites 
as a percent of the labor force, and females 
as a percent of the labor force. The sub- 
scripts + and 7 signify two-digit industry 
and state, respectively. 

Turning now to the rationale embodied 
in (1), it is clear that the existence of 
geographic wage differentials may be partly 
explained by different regional factor pro- 
portions, i.e., capital-labor ratios in the 
South may be lower than those found in 
northern industries. Such differential cap- 
ital-labor ratios would imply lower wage 
rates in the South. This can be demon- 
strated by considering the general linear 
homogeneous production function 


(2) l P= F(C, D), 


where P denotes output and C and L are 
capital and labor inputs, respectively. The 
respective marginal products of the factor 
inputs are obtained by differentiating (2) 
with respect to each factor input. 


(3) MP, =8P/ðL; MPc = ðP/8C. 


By virtue of Eulers Theorem, the 
factors of production are remunerated by 
an amount equal to their respective mar- 
ginal products and the sum of factor re- 
munerations exactly exhausts the total 
output. 


(4) (@P/AL)L + (ƏP/ƏC)C = P. 


3 In this study, average hourly earnings, including 
overtime, of manufacturing production workers were 
employed. Use of annual eamings data would yield 
similar results. See Fuchs and Perlman (7, p. 292]. 

3 The states which are generally recognized as being 
in the North-South area are: Maine, New Hampshire, 
Vermont, Massachusetts, Rhode Island, Connecticut, 
New York, New Jersey, Pennsylvania, which constitute 
the northern states; and Delaware, Maryland, District 
of Columbia, Virginia, West Virginia, North Carolina, 
South Carolina, Georgia, Florida, Kentucky, Tennessee, 
Alabama, Mississippi, Arkansas, Louisiana, Oklahoma, 
and Texas, which constitute the southern states. 
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(5) w=d0P/AL; 1r=<dP/d, 


where w and r denote the wage rate and 
the returns to capital, respectively. 

The relationship between labor pro- 
ductivity (and implicitly the wage rate) 
and the capital-labor ratio remains to be 
shown. Since the production function, P 
= F(C,L), is assumed to be linear homog- 
eneous in both factor inputs we may 
write 

P = F(C, L) 
(6) = LF(C/L, 1) 
= Lf(C/L). 


A priori our expectation is that, if the 
differences in the wage rate are related to 
differences in the capital-labor ratio, there 
should be a positive association between 
the variables, i.e., dw,;/ ðCLy>0. This 
defines the expected sign of the CL; vari- 
able shown in expression (1). 

Of course, for empirical purposes some 
statistical measure of the capital-labor 
ratio by state and two-digit industry is re- 
quired. This is a relatively straight for- 
ward matter, since data by state and two- 
digit industry are available from the 1958 
Census of Manufactures. The specific cap- 
ital stock measure which is used is gross 
capital.’ Combining this with the Census 


4 Source: “Supplementary Employee Costs, Costs of 
Maintenance and Repair, Insurance, Rent, Taxes, and 
Depreciation and Book Value of Depreciable Assets, 
1957.” See [19]. 

* Three measures of the capital stock can be obtained 
from the data; i.e., gross capital stock, which is the gross 
book value of plant and machinery on December 31, 
1957; net capital stock, which is the gross book value 
on December 31, 1957 minus accumulated depreciation 
and depletion charged in 1957; and gross capital plus 
rented capital stock. A reasonable assumption is that 
both depreciation and depletion and rented capital 
stock are endogeneously related to the gross capital 
stock. Therefore, the gross capital stock measure was 
selected for calculating the capitallabor ratio. The as- 
sumption was checked with the data. The coefficients 
of correlation between the gross, net, and gross plus 
rented capital stocks were very high. 


of Manufactures man-hours of production 
workers data permits calculating capital- 
labor ratios at the appropriate level of 
disaggregation. 

In recent years, considerable interest in 
the importance of human capital has de- 
veloped particularly following the contri- 
butions of Theodore Schultz [15] and Gary 
Becker [1]. To my knowledge, no one has 
attempted to explain variations in inter- 
state wage rates in terms of variations in 
human capital. On theoretical grounds the 
relationship between the wage rate and the 
ratio of human capital to labor is the same 
as that posited for the physical capital- 
labor ratio, namely, dw,;/ 0HCy>0. How- 
ever, the statistical measurement of the 
HC; variable is somewhat more difficult. 

Because of the importance of the method 
by which the human capital variable is 
measured, it must be discussed briefly (a 
more complete discussion is contained in 
the Appendix). A variety of factors de- 
termine the amount of human educational 
capital embodied in production. workers: 
(1) human educational capital is related to 
age, since median school years completed 
and real expenditures per enrolled pupil 
for education have grown over time; (2) it 
is a function of race in view of racial 
differences in expenditures on education 
and length of schooling; (3) it is related to 
sex, since females in the manufacturing 
labor force generally have more median 
school years completed than do males; 
(4) it is a function of the state or region in 
which a person was educated, since length 
and quality of education vary from state 
to state. 

The human capital estimates are derived 
from 1960 Census of Population data on the 
age, race, sex, state or region of birth and 
median school years completed and from 
deflated Statistical Abstract data on expen- 
ditures per enrolled pupil. Specifically, I 
constructed a matrix of production work- 
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ers based on the aforementioned demo- 
graphic characteristics. Each cell of the 
matrix contained an estimated group of 
production workers of a particular age, 
sex, race, and state or region of birth. Each 
cell was then assigned its appropriate 
summed educational expenditures which 
began at the time of schooling and ter- 
minated at the individual’s median school 
years completed. In this manner an es- 
timate was obtained of human educational 
capital per production worker man-hour 
by state and two-digit industry. 

Many of the previous studies of regional 
wage differentials suggest that regional dif- 
` ferences in unionization may be an im- 
portant explanatory variable. The pre- 
sumption is that differences in the level of 
union activity will be positively related to 
wage levels, i.e., Ow,;/ 0PU:;>0. How- 
ever, no specific test has been introduced 
in these inquiries to examine the hy- 
pothesis that the extent of unionization is 
related in a statistically significant way to 
the interstate wage pattern. This short- 
coming is the result of the lack of data on 
either union membership or the extent of 
collective bargaining agreements by state 
(region) and two-digit industry. Union 
membership data by state and two-digit 
industry are nonexistent. Limited data on 
collective bargaining agreements for some 
two and three-digit industries by region 
(but not by state) are available in the 
BLS Industry Wage Surveys, but the data 
were too spotty for use here. Consequently, 
BLS Industry Work Stoppages data are 
used to test for the effect of unionization.® 


* Two problems arise in using these data. First, the 
data are for work stoppages in states having twenty- 
five or more stoppages in any given year. Thus, in 
states where union activity was particularly low, no 
data are available. Of the twenty-six North-South 
states, data are not available for Maine, Vermont, 
Delaware and Mississippi. A reasonable assumption is 
that union activity in New Hampshire will serve as a 
proxy for Maine and Vermont, Maryland for Delaware, 
and North Carolina for Mississippi. The second problem 
is a bit more serious. Union activity, expressed as the 


Finally, we have the race and sex vari- 
able incorporated in our basic hypothesis. 
Economists in recent years have shown an 
increasing interest in the economic nature 
and consequences of discrimination. Our 
concern is to specify the theoretical pos- 
siblity of wage discrimination against mi- 
nority labor? and to test for its existence. 
Consider the following simple model in 
which it is assumed that: the minority 
labor group (i.e., nonwhites or females) is 
employed in significant numbers in the 
industry; labor is homogeneous except for 
its identifying minority characteristic (i.e., 
race or sex); and factor and product mar- 
kets are perfectly competitive. 

A firm’s proceeds, S, consist of the 
money value of its output P, and may be 
defined as 


(8) S = G(C, L). 


Profits, r, obtained from employing vari- 
able Z with fixed C, are defined as 


percentage of workers involved in work stoppages 
which is the specification of the union variable used in 
this study, may vary from year to year for a variety of 
reasons. Collective bargaining agreements are often 
concluded for a period Jonger than a year, and the vari- 
able may shift over the trade cycle. Thus, economic 
factors in any given year may be such that the number 
of workers involved in work stoppages may be ususually 
large or small. To obviate this difficulty, the mean 
value of the workers involved m work stoppages over 
the period 1956-60 is employed. Until other data be- 
come available this variable would seem to be an ade- 
quate measure of the influence of union activity on 
interstate wage differentials. It should be noted that it 
has its weaknesses. First, it may measure more than 
pressure to bid up wage rates; work stoppages can re- 
sult from unionization membership drives and juris- 
dictional disputes. Second, a higher percentage of 
workers involved in work stoppages may occur in low 
wage paying states reflecting an effort to bring wage 
rates into parity with other regions. While these two 
limitations are recognized, it is felt that higher per- 
centages of workers involved in work stoppages will 
reflect the operation of trade union market forces and 
will be positively associated with higher wage rates. 
This is consistent with the positive sign which has been 
posited for dw,;/aP 0,3. 

TT am grateful to Lowell E. Gallaway for suggesting 
this approach to me. 


oe 
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(9) x = GCC, L) — wL, 


where w denotes the wage rate. When (9) is 
differentiated with respect to L, the re- 
sults set equal to zero, and solved, the 
condition is obtained that profits are max- 
imized when w=ô8G/ðL. To incorporate 
minority and majority labor inputs, (9) is 
rewritten as 


(10) r=G(C, L+L*)—[wL+(w—d)L*], 


where the superscript * denotes the minor- 
ity segment of the labor force and the un- 
superscripted variables are for the major- 
ity segment of the labor force. 

The differential d is determined by the 
employer’s “taste” for discrimination. In 
the case of the hiring of nonwhites, the 
employer incurs a cost in the sense of per- 
sonal discomfort. Do employers experience 
any personal discomfort in hiring females? 
Well, I suppose that depends on whether 
the employer is a misogynist. However, 
many employers do have a “taste” for 
discriminating against females: because of 
actual or expected higher turnover rates; 
because they envision single females 
marrying or leaving the job; married 
females becoming pregnant and leaving; 
because to pay equivalent rates may lower 
the morale (productivity) of male labor; 
and because of difficulties in disciplining 
female workers, a factor which arises out 
of the traditional social relationship be- 


tween men and women. Other factors than > 


those described may cause disutility to the 
employer who hires a minority segment of 
the labor force, but without going deeper 
into this treacherous territory, it is sug- 
gestive of the fact that a disutility function 
can be specified for employers who hire 
minority labor. Therefore, 


(11) D = ¢(L*), 
where D signifies the disutility incurred by 


hiring minority labor. To incorporate the 
employer’s “taste” for discrimination, (10) 


is rewritten as (12) on the assumption 
that D can be translated into a money 
equivalent. 
x= G(C, L + L*)—4(L*) 
— [vL + (w — d L*]. 

To maximize profits the employer must 
maintain a differential equal to his mar- 
ginal taste for discrimination, 


(12) 


(13) d = ¢'(L*), 
yielding a minority wage rate of 
(14) w* = (w — d). 


Condition (14) implies that the majority 
segment of the labor force will receive a 
wage rate which will equal the combined 
marginal value product of both segments 
of the labor force (in view of the homo- 
geneity assumption), 


(21) w = ðG/a( L + L*), 


while the minority segment of the labor 
force will receive a wage rate less than the 
marginal value product of labor.® 

‘Data on nonwhites and females as a per- 
cent of the labor force by two-digit in- 
dustry and state are available in the 1960 
Census of Population. These are the vari- 
ables used in this analysis. The a priori ex- 
pectation is that for both segments of the 
minority labor force the sign of the re- 
gression coefficient will be negative. Some 
questions arise concerning the interpreta- 
tion and empirical validity of the vari- 
ables, particularly the race variable. The 
function of the variables in the equation is 
to test for the existence of a wage differ- 

t In view of these results, clearly, x will be higher the 
larger is the value of d. With profits higher in the in- 
dustry that discriminates there would be a tendency, 
ceteris paribus, for resources to be reallocated toward 
that industry. However, on the assumption that D 
can be translated into a money equivalent, these extra 
profits accruing to those who hire minority labor are 
treated as costs that must be recovered if minority 
labor is to be employed. Assuming that disutility is 
constant among employers, there would be no resource 
reallocation toward industries who hire minority labor. 
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ential unfavorable to these two minority 
segments of the labor force. A direct test 
for wage discrimination is not possible, 
since data on wage rates for nonwhites and 
females is not available. The dependent 
wage variable which is utilized is average 
hourly earnings. If a wage differential 
exists, it will produce variations in the 
average wage rates. States employing 
higher percentages of nonwhites and/or 
females will tend to have lower average 
wage rates in view of the higher weight 
given to the hypothesized lower nonwhite 
and/or female wage rates. The following 
questions of empirical validity are of con- 
cern. First, is it reasonable to assume 
labor homogeneity except for race? Sec- 
orid, the race variable may be collinear 
with the human capital variable (making 
this question related to the first). Third, 
discrimination may differ from state to 
state. If low wage rates are received by 
production workers in industries that em- 
ploy large percentages of nonwhites, the 
low wage rates may be a function of low 
levels of education (inferior nonwhite 
education) or discrimination or some com- 
bination of the two. The physical and 
human capital variables should account 
for most of the variation in the wage rate, 
if discrimination is of no importance. How- 
ever, if the nonwhite variable significantly 
accounts for some of the variation beyond 
that explained by nonhomogeneous labor 
(i.e., labor which is associated with differ- 
ing levels of physical and human capital 
which affect their respective marginal 
product schedules), some justification ex- 
ists for concluding that wage discrimina- 
tion is present. Regarding the second 
question; if the race and human capital 
variables are collinear, that in itself is an 
interesting result which should be noted. 
Finally, the possibility of different degrees 
of discrimination among the states cannot 
be rejected out of hand. However, to take 


cognizance of this possibility would involve 
estimating the parameter @’ (L*) which in 
itself entails substantial empirical difficul- 
ties. Therefore, we choose to run the risks 
involved in employing the race variable as 
already defined. 


Il: Empirical Results 


The previous discussion provides a basis 
for testing empirically the hypothesis 
embodied in expression (1). Specifically, 
(1) suggests a least squares regression 
equation of the form: 


wy = a+ b(C/L)y + (HC/L)y + d(U/L)y 
— e(NW/L)y — f(F/L)is + u. 
Where 


w=the average hourly wage rate 
paid to production workers 
calculated from 1958 Census of 
Manufactures data. 

C/L=the capital-labor ratio cal- 
culated from 1958 Census of 
Manufactures data. 

HC/L=the human educational capital- 
labor ratio calculated from 
1960 Census of Population and 
1958 Census of Manufactures 
data. 

U/L=the percent of the labor force 
(average over 1956-60) in the 
industry involved in work stop- 
pages calculated from BLS 
Analysis of Work Stoppages 
data. 

NW/L=nonwhites as a percent of the 
industry labor force calculated 
from 1960 Census of Population 
data. 

F/L=females as a percent of the 
labor force calculated from 
1960 Census of Population data. 

u=a random error term. 


In addition, in certain of the regression 
equations various dummy variables de- 


-4) 


mi 
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signed to reflect certain regional and in- 
dustry characteristics were introduced. 
These are defined as follows: 


R=a dummy North-South var- 
iable utilized to determine if 
the independent variables 
accounted for all of the dif- 
ferential between regions. 
Dummy=1, if state is in 
the North; dummy=0, if 
state is in the South.® 

»+,J,=industry dummy variables 
used in aggregated industry 
equations (#-1 dummies for 
n industries). Dummy=1, 
if industry i; dummy=0, 
if not industry ¢. 


Ål, Is, é 


Table 1 contains the results of estima- 
ting the regressions shown in (1) for each of 
the seventeen individual industries. For 
purposes of discussion, the industries are 
grouped as low wage, medium wage, and 
high wage. In the low wage group of in- 
dustries, the equations are all significant 
at the five percent level, at least, while in 
the medium and high wage industries, four 
of the six, and three of the six equations, 
respectively, are significant. The signs of 
C/L, HC/L, and U/L are consistent, on 
the whole, while the signs of NW/L and 
F/L are not. The most frequently signifi- 
cant coefficients are for HC/L and U/L. 
Given the heterogeneous nature of these 
industries, it was not expected that the 
same variables would be significant in all 
of them. Therefore, insignificant variables 
are dropped from the equations. However, 


§ The dummy North-South variable does not appear 
in the reported equations. The zero order correlation 
coefficient between R and the wage variable in general 
was very significant, However, the dummy was highly 
correlated with the other independent variables, and its 
Introduction into the regression equations played havoc 
with the regression coefficients. Additionally, the 
dummy changed the R”s of all the equations margin- 
ally. Therefore, we can conclude that the varinbles 
specified account for all of the North-South differential. 


multicollinearity among the independent 
variables may exist, and the presence of 
such a condition could cause the omitting 
of relevant variables, in addition to making 
the estimates of the coefficients inefficient. 
The specific test for multicollinearity used 
was that proposed by Donald Farrar and 
Robert Glauber [6]. For reasons of con- 
serving space, these results are not pre- 
sented here.!° The equations in Table 2 are 
the final results after the test for multi- 
collinearity. Variables that were excluded 
were truly insignificant, i.e., independent 
and insignificant. Two new variables ap- 
pear in these equations. (C+HC)/L is a 
generalized capital-labor ratio, the sum of 
physical and human capital. (NVW+-F)/L 
is minority labor, the sum of nonwhites 
and females as a percent of the labor 
force.4 On the whole, multicollinearity was 


10 An encouraging result of the multicollinearity test 
was that no pattern of collinearity between the various 
independent variables emerged. More importantly, 
the expectation of linear interdependence between 
NW/L and the other independent variables was not 
confirmed. However, NW/L and F/L were sometimes 
linear interdependent and this result was not unex- 
pected. Given the social relationship between nonwhite 
males and white females, i.e., the reluctance to employ 
large numbers of them together, we would expect some 
collinearity. 

u The standard approach to solving the multicol- 
linearity problem is either the introduction of new in- 
formation, reformulation of the variables, or rationali- 
zation of the multicollinearity. In the latter case, if the 
linear interdependence can be shown to be stable, then 
one may rationalize the efficiency of the regression 
equation. The first approach, that of introducing new 
information was not tried. Rather, the less costly ap- 
proach of reformulating the variables was undertaken. 
Two reformulations are possible. First, physical capital 
and human capital can be added together so that we 
can speak of a generalized capital-labor ratio. This 
formulation is economically meaningful. How effective 
this transformation will be depends, on the one hand, 
upon the strength of association between the two vari- 
ables and, on the other hand, upon the magnitude of 
the physical capital-labor ratio. If the C/Z ratio is 
particularly large, the possible “corrective” effects of 
the addition of HC/L may be largely washed out. The 
second possible reformulation is the addition of NW/L 
to F/L. In such a case we can then refer to the effect 
on the wage rate of a percentage change in minority 
labor employed, thus treating females and nonwhites 
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TABLE 1—Inprvipvat INDUSTRY WAGE EQUATIONS! 





Industry SIC Constant 





Group Code? Term Cf 
eg 22 1.1168  .0251 
aE 23 2,2353 ~ 0082 
Ba 24 „9844 0302 
5 Ş 25 1.0939 0410 
31 .9174 0653 
A 20 „8129  „1591** 
Pa 26 2.1996 „0086 
Be 30 1.7274 2283 
3 32 1.1322  .0482* 
E ZS 34o 15544 0198 
Š 36 1.9151 0284 
27 1.8118 —.0156 
8g 28 2.3811  .0193** 
SE 29 2267 ort 
Pa 33 2.0848  .0458** 
$g 35 2.0821 — .0060 
m 37 2.1334 —.0034 


HC/L 


< 5350%** 
2570+ 
3277+ 
.5950** 
3870+ 
2203+ 
.3416* 
3513 
.5725** 
.6012*** 
3855H 
7349 — 
— .0255 
1654 - 
. 1385 
4752+ 
2836 


U/L 


2.0977*** 
1.7336 
1.4234 
1.1323 
5.0617 
3.7010*** 


— 6444 


4193 
1.4025 
2.2847*** 
1.0735 
1.0145 
2.33274 
1.0314 

.8303** 

- 7036 

4058 


NW/L 


.5028 
— 1563 
— 3011" 
— 4890 
2.2542 
— .2252 
0268 
—2.0379 
— 3571 
7181 
—3.8495 
.9123* 


—2.7751*** 


.3929 
—1.3553** 

0448 

0017 


F/L 


— .2214 
—1.4233"** 
2,54814 
.0720 
.0659 
— . 5074 
—1.8944** 
—1,6769 
1.0641 
—1.1636 
— .5678 
—.1798 
— . 7030 
— .5580 
— 3482 
— 1.5931 
7643 


15 
19 
15 
10 
18 
10 
17 
16 
13 


1 Levels of significance: ***=.5, **=1.0, *=2.5, ++=5,0, and *=10.0 percent levels, respectively. 
2 The industries corresponding to the Standard Industrial Classification Code are: 
30= Rubber and Plastics 


20= Food and Kindred Products 
22=Textile Mill Products 

23 = Apparels 

24=Lumber and Wood 
25=Furniture and Fixtures 

26= Paper and Allied 

27 = Printing and Publishing 

28 =< Chemicals 

29 == Petroleum and Coal 


32 = Leather 
33=Primary Metals 


34= Fabricated Metals 

35 = Nonelectrical Machinery 
36= Electrical Machinery 

37 = Transportation Equipment 


TABLE 2— REGRESSION RESULTS FOR FINAL INDIVIDUAL INDUSTRY Equations! 


SIC Constant 

Code Term 
22 1.0093 + .0319*C/L 
23 1.9873 + .3846***HC/L 
24 .9928 + .6417***HC/L 
25 1.0683 + .6633***HC/L 
31 9599 + .3992*HC/L 
20 6024 +-.1748***C/L 
26 2.3545 +.2901*HC/L 
30 1.8610 +.2678U/L 
32 1.0772 + .0380++C/L 
34 1.7295 + .5785***HC/L 
36 1.7750 +-.3995tHC/L 
27 1.8057 -+.6148***HC/L 
28 2.5245 4+-.013744C/L 
29 2.2148 + .0249***C/L 
33 2.1788 + .0409***C/L 


1 See Table 1 for levels of significance. 





Independent Variables 


+ .5478***HC/L 
$1.51354U/L 

— .2432*°(NW+F)/L 
$1,2269tU/L 

+5. 9461+U/L 

+ .1868tHC/L 
—2.2260***F/L 

+ .1985++(C+-HO)/L 
+ .7824***HC/L 
4$2.2395***07/1 
+1.35474U/L 

-+ .8906***NW/L 
+ .2665+HC/L 

— .7188H+U/L 

+ .19244HC/L 


N 
+-2.0384***U/L 17 
—1.1688***(NW+F)/L 16 
14 
15 
+2.7615*NW/L 12 
+4.1134*** U/L 22 
19 
—1.46712 {NW +F)/L 8 
+2.0762***U/L 15 
—1.4291+F/L 19 
—4.0970 NW /L 15 
10 
+1.63950/L 18 
10 
+ .7336"**U/L 17 


—1.2788°*NW+F/E 


R 


.9372** 
.9671** 
.9490** 
.8398** 
8104 
.8768** 
„6034H 
.9049 

.8498** 
.6892** 
4843 

.8688 

.8853** 
8938+ 
.8318** 
3315 

3093 


oa 
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not severe, i.e., the R”s on the diagonal 
and their concomitant F-values were fairly 
low. 

Table 2 shows that the coefficient of 
determination is significant in fourteen out 
of the seventeen industry regression equa- 
tions. In thirteen of the fourteen signifi- 
cant cases, the R? is significant at the 1 
percent level, and the R? levels are gener- 
ally high. The indication, in general, is that 
the hypothesis embodied in expression (1) 
explains a very considerable portion of in- 
terstate variations in industry wage rates. 
The hypothesis does not explain a signifi- 
cant portion of the variation in the wage 
rate in three industries, SIC 35, 36, and 
37.13 

The regression results for the two-digit 
industry equations permit the following 
conclusions to be made about interstate 
wage variations. (1) The most important 
explanatory variable is the human capital- 
labor ratio. HC/L is significant in thirteen 
of the seventeen industries and is most 
consistently significant in the low wage 
industries. (2) Unionization differences 
constitute an important explanatory force 
in the low and medium wage industries, 


together as a minority segment of the labor force. In 
this case, as in the above transformation, the effective- 
ness of the transformation in resolving the linear inter- 
dependence problem is constrained by the same factors. 

1! The fact that the hypothesis does not yield mean- 
ingful results in these three industries does not neces- 
sarily negate the relevance of the variables in explaining 
the three industries’ interstate wage pattern. The failure 
of the hypothesis to yield significant results may be 
caused by the level of aggregation in the industries, 
For example, consider the case of transportation equip- 
ment, This industry is camposed of four very distinct 
three-digit industries: motor vehicles and equipment, 
aircraft and parts, ships and boats, and railroad equip- 
ment, In turn, each of these three-digit industries is 
composed of fairly heterogeneous four-digit industries. 
The values of all of the independent variables probably 
differ from one three-digit industry to another to a 
greater extent in these three industries than they do 
in the other two-digit industries. To obtain possibly 
meaningful results for these industries, therefore, the 
data would have to be disaggregated at least to the 
three-digit level, This approach was not possible given 
4 the present Hmitations of the data. 


but do not appear to be important in the 
high wage industries. The reason for this 
result may be that among the high wage 
industries in general, collective bargaining 
agreements are negotiated nationally, thus, 
with exceptions of course, diminishing the 
force of local (state) work stoppages on 
the wage rate. (3) The capital-labor ratio 
does not emerge, at least at the two-digit 
level, as an important source of interstate 
wage variation in the low or medium wage 
industries, but it performs moderately 
well in the high wage industries. (4) The 
results for the nonwhite and female vari- 
ables are mixed and clouded by the multi- 
collinearity problem. However, one or 
more of the elements of the minority labor 
force was significant in ten out of the 
seventeen cases. 

Further useful information can be ob- 
tained by pooling some of the observations 
to see if the hypothesis is strengthened by 
aggregation. A possible reason for insignif- 
icance of some of the coefficients in the 
separate industry equations may be the 
small size of the samples. Table 3 contains 
the equations for the aggregated industry 
results. Results for five groupings of the 
data are presented. Dummy industry vari- 
ables are introduced in view of the differ- 
ing intercept values of the separate in- 
dustry equations. 

For the low, medium, and high wage 
grouping of industries," all of the indepen- 
dent variables are significant, most at the 
0.5 percent level. The multicollinearity 
test, confirmed by the high ¢-values of the 
regression coefficients, indicates that the 
low and medium wage industries are free 
of multicollinearity. However, in the high 
wage industry equation, collinearity is 
severe between F/L and U/L and, there- 


13 The national wage rate for each of these industries 
was computed and ranked to determine low, medium, 
and high wage industries. Mean wages rates calculated 
with the sample of North-South states yielded similar 
rankings, 


THE AMERICAN ECONOMIC REVIEW 


TABLE 3—REGRESSION COEFFICIENTS FOR AGGREGATED INDUSTRY EQUATIONS! 





766 
Low Wage Medium Wage - 
Constant Term 1.2342 1.9012 
C/L .0325++ .0351*** 
NW/L — .2506** — 585404" | 
AC/L .5658*** .4178*** 
U/L 1.3683*** 4,.4221*** 
F/L — .4577** —1,0762*** 
(NW+-F)/L 
ra — 0131 — .3851*** 
Is — .0251 — 1332+ 
I, — .2553*** — .0797 
I, — 0547 — .2638*** 
Ts —.1071 
I 
Ty 
Is 
N 74 98 
RP .8824** .6874** 
1 See Table 1 for levels of significance, 


fore, (NW+F)/L, which is not collinear 
with U/L, is substituted into the equation. 

The range of the regression coefficients 
is also of interest. The regression coefii- 
cients for. C/L for the aggregated low, 
medium, and high wage industries are 
.0325, .0351, .0317, respectively. These re- 
sults point to a remarkable uniformity in 
the relationship between variations in the 
wage rate and variations in the capital- 
labor ratio. By contrast, the coefficients 
for the human capital-labor ratio vary. 
Generally, the values of the coefficients are 
higher in the separate low wage industry 
equations than in the separate industry 
equations for the other two industry 
groups, and higher in the medium wage 
industry equations than they are in the 
individual high wage industry equations. 
For the aggregated low, medium, and high 
wage industries, the values of the coeffi- 
cients are. 5658, .4178, and .2734, respec- 
tively, which is consistent with the results 
of the separate industry equations and 
indicates that increases in human educa- 
tional capital have a greater impact in 
raising wage rates in the low wage in- 
dustries than in the other industries. The 


High Wage Nondurable Durable 
2.0656 1.8342 2.0457 
.0317*** .0294*** -0363*** 
— 2640+ — .6095*** 
273449" -4033*** AL67"** 
2860+ 4019+ .5916*** 
—1.2611*** — .2733 
— 4478+ 
-0362 — .2552*** — .8681*** 
— .4281*** — 1095+ — .7367*** 
— .4128*** 1721+* —.,4486"** 
— .0809 0224 — 1118+ 
— .2639*** 499544" — .3104*** 
-0186 — .2706*** 
0275 — .3586*** 
.1973* 
84 132 1 
.6239** 9063** 8922** 


range for the coefficients of U/L among the 
individual two-digit industries is from 
-7336 to 5.9461. The aggregated low and 
medium wage industries have coefficients 
of similar value, and these values are much 
higher than the value of the coefficient in 
the aggregated high wage industries. Vari- 
ations in work stoppages, therefore, appear 
to have less of an impact on wage rates in 
the high wage industries than they do in 
the low or medium wage industries. The 
range in the values of the coefficients of 
nonwhites and females as a percent of the 
labor force indicate wide variation in the 
impact of NW/L and F/L on the wage 
rate among the various industries. In the 
case of NW/L, changes in the percentage 
of nonwhites employed affect the wage 
rate more adversely in the medium wage 
industries than in the low wage industries. 
A 1 percentage point increase in the em- 
ployment of nonwhites is associated with 
a 5.9 mill decrease in the wage rate for 
the medium wage industries, but with only 
a 2.5 mill decrease in the low wage in- 
dustries. A one percentage point increase 
in the employment of females is associated 
with a 1.1 cent decrease in the wage rate 
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in the medium wage industries, but only 


with a 4.6 mill decrease in the low wage _ 


industries. Therefore, changes in the per- 
centages of females employed more ad- 
versely affect the wage rate in the medium 
wage industries. The regression coefficient 
for the aggregated high wage industries is 
for the minority labor variable and the re- 
sults are not strictly comparable with 
NW/L and F/L. For the high wage in- 
dustries a 1 percentage point increase in 
the employment of minority labor is asso- 
ciated with a 4.5 mill decrease in the wage 
rate. Therefore, pooling the data strength- 
ened the hypothesis considerably. The 
human capital variable remains the most 
significant explanation of interstate wage 
, variations, although the other variables 
are certainly significant. Similar results are 
obtained in the more highly aggregated 
durable-nondurable industry groupings. 

Finally, and in way of summary, the re- 
sults of aggregating all of the two-digit 
industries may be considered. The pooling 
process increases the number of observa- 
tions to V= 256 and the result is 


wy = 2.1045 + .0321°"C/L — .4861*"*NW /L 
+ 4170***HC/L + .5970**U/L — 9009" F/L 
— 60127, — 5517***1,— .3886**1,— 92891, 
— .6986""*7, — 33167, + 1202+, — .3502***7, 
— .3742°*], — .2069** 19 — 4724] 
— 418021, — 0977+, ~ .2688***2 14 
— .2324**2,5 — .1984*T e, R? = .8961"*. 


The five independent variables are all 
significant at the 0.5 percent level, all 
with the predicted signs, and all of the 
dummies are significant, mostly at the 0.5 
percent level. The equation explained 
(significant at the 1 percent level) nearly 
90 percent of the variation in the wage 
rate. The magnitude of the regression 


M4 Without the industry dummies in the equation, 
the results still remain conclusive. 


toy = 1.6780 + .0345°C/L — 1.1957" NW/L 
+ 5229" HC/L + 1.3633" U/L — 9914" P/E, 


. Rt = .7031**. 


coefficients indicate.that a 10 cent change 
in the capital—labor ratio is associated with 
a 3.2 mill change in the wage rate, a 1 cent 
increase in HC/L with a 4.2 mill increase, 
a 1 percentage point increase in U/L with 
a 6.0 mill increase, a 1 percentage point 
increase in NW/L with a 4.9 mill decrease, 
and a 1 percentage point increase in F/L 
with a 9.0 mill decrease in the wage rate. 
The relative importance of the variables 
judged by their respective é-values sup- 
ports the results obtained with the sep- 
arate industry equations and with the 
other aggregated industry equations. 
HC/L has the highest é-value, followed by 
C/L, U/L, F/L, and finally, NW/L. 


III: Conclusions 


Quite clearly, the empirical results which 
have been reported constitute a substan- 
tial confirmation of the basic hypotheses, 
which have been advanced as explanations 
of interstate wage variations in the manu- 
facturing sector. At the two-digit industry 
level, the hypotheses are reasonably con- 
sistent with our expectations, but even 
more conclusive results are obtained with 
the aggregated industry equations. All 
five of the independent variables are 
highly significant in a statistical sense with 
the results for the capital-labor ratio, non- 
white and female variables being more 
conclusive in the aggregated industry 
equations than they were in the separate 
industry results. 

While the results of the regression equa- 
tions indicate that most of the state to 
state variation in production worker wage 
rates has been explained, we have neither 
examined the magnitude of the North- 
South differential nor have we demon- 
strated the portion of the wage differential 
associated with each of the specified fac- 
tors. This can be accomplished by parti- 
tioning the all industry data into northern 


‘and southern groupings and running two 


new regression equations. 
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(wyno = 2.0240 + .0293°C/L + 1.4657 NW /L 
+ 3188 HC/L + £7591" U/L — .7602**F/L 
— 46701, — .4647***I, — .4172* I; 
— 763181, — 56091, — 2704 I; 
+ .1783*I; — .2187*Is — 3311747, — .3005*** lis 
— 4236 Ty, — .1838*I a — .12600™I;s 
— .2076"**71¢ — .1546*I 15, — .1749 Tig 

Fi = .9425**, N = 92, ` 

(201j) oath = 2.1793 + .0327***C/L — 4988**NW/L 
+ .3852***HC/L + .4826**U/L — .7755F/L 
— LISP, — .6846***I, — .5640**I; 
— 1.0202***7, — 7913]; — 377871, 
+ 12447, — 4314"7, — .3624**I; 
— 152100 — .6030™*I 1 — .5355***2 13 
— 1079713 — 3329214 — .2518***Zy5 
— .2677*Iig. R? = 8947", N = 164. 

All of the regression coefficients for the 
five independent variables are highly signi- 
ficant in both equations. The only sign 
inconsistency is that of NW/L in the 
northern equation, but this result is not 
surprising in view of the fact that non- 
whites are congregated in the high wage 
paying states in the North. The coefficients 
for C/L and F/L are quite similar in both 
regions. In fact, there is a slightly larger 
impact of changes in C/L with respect to 

. changes in w in the South. The pattern of 
wage discrimination against females is 
identical in both regions. The coefficient of 


HC/L is higher in the South, suggesting 
higher relative returns to human capital in 
the South. The higher coefficient for U/L 
in the North is susceptible to multiple in- 
terpretation. On the one hand, one might 
expect a declining marginal impact of 
unionization of wage rates, implying a 
higher coefficient in the South. On the 
other hand, a critical overall regional level 
of unionization may have to be reached 
before union activity has much of an im- 
pact on wage rates, and this suggests a 
lower coefficient in the South. The most 
revealing difference in the coefficients is 
that of NW/L. The sign of the coefficient 
in the North indicates that discrimination 
in the form of a white-nonwhite wage 
differential apparently is nonexistent. On 
the other hand, wage discrimination 
against nonwhites is present in the South. 
Based on other research [11], we may con- 
clude that discrimination in the South 
takes the form of an unfavorable non- 
white wage differential, while in the North 
it takes the form of nonwhite job exclusion. 

The sources of the North-South wage 
differential can be identified by inserting 
the mean values of the variables into the 
regression equations. Table 4 contains the 
results. This approach permits comparison 


TABLE 4—Sources OF THE Norta-SoutH WAOE DIFFERENTIAL 








Variable North 
Predicted wage rate, ® 2.1506 
Constant Term, a! 2.0240 
-a 0.1266 
Regression Coefficient» 

Mean value 
b-C/L. 0.1517 
c-HC/L. 0.3304 
d-U/L. 0.0611 
e-NW/L. 0.0561 
J-F/L — 0.2054 
M 
> Dd. —0.2673 








South Differential 
1.9656 0.1850 
2.1793 —0.1553 
—0.2137 0.3403 
0.2299 —0.0782 
0.2303 0.1001 
0.0319. 0.0292 
—0.0641 0.1202 
—0.1739 —0.0315 
—0.4678 0.2008 


1 Note: the value of the constant term is deterinined by the reference dummy which in this case was a high wage 


industry, SIC 37. '- 





7 
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of the effect of each of the variables on the 
wage differential. Ignoring the constant 
term differential, which is unfavorable to 
the North, the following conclusions can 
be drawn. (1) The net effect of the capital- 
labor ratio, celeris paribus, is to create a 
wage differential unfavorable to the North. 
This result may appear somewhat sur- 
prising in view of Gallaway’s conclusion. 
However, this result is really not surpris- 
ing. A careful examination of North-South 
capital-labor ratios by two-digit industries 
generally reveals a pattern of similar 
capital-labor ratios." In fact, the South has 
a higher mean capital-labor ratio than the 
North. Factor proportions evidently have 
adjusted in the right direction; in fact, 
there may have been an over-adjustment. 
' (2) The net effect of human capital is to 
create a wage differential unfavorable to 
the South. While the rate of return on 
human capital is higher in the South, re- 
flecting the relative scarcity of the factor 
in the South, the level of human capital is 
nearly twice as high in the North, the net 
result of which is to produce a 10 cent 
difference in North-South wage rates. (3) 
Two of the variables have a minor impact 
on the wage differential. The pattern of 
discrimination against females is regionally 


D Estimating capital stock by region based on the 

Creamer, Dobrovolsky and Borenstein estimates, Gal- 
laway calculated capital-labor ratios for the 20 two-digit 
manufacturing industries. He then examined the pat- 
tern of change in the capital-labor ratio among several 
| broad Census regions for the period 1954-1957 and 
; concluded that there was a general convergence in 
capital-labor ratios in the period. He argued, therefore, 
that conditions were conducive for a narrowing of the 
wage differential. An objection to this conclusion is 
simply that, while a theoretical relationship between the 
capital-labor ratio and the wage rate was shown, no 
empirica] relationship between the variables was tested. 
Therefore, his conclusion that a narrowing of the capital 
labor-ratio differential was the necessary condition for 
a narrowing of the wage differential is somewhat specu- 
lative. 

1$ For a complete discussion of differences in North- 
South capital-labor, ratios see [16]. Also contained 
therein is the complete set of data used in the regression 

equations. 


uniform, but the slightly higher utilization 
of female labor in the North creates a 
wage differential unfavorable to the North. 
Trade union activity while favorable to the 
North, produces only about a 3 cent differ- 
ence in wage rates. (4) The results ob- 
tained with the nonwhite variable indi- 
cates that the South is paying a rather high 
price, a 12 cent differential in wage rates, 
for the policy of wage discrimination. 
Whether the wage discrimination is justi- 
fied on the basis of white-nonwhite pro- 
ductivity differentials is a matter for 
further study. The capital- and human 
capital-labor ratios should have accounted 
for productivity differentials, but there 
may be a variety of pre-market nonhomo- 
geneities manifest in the nonwhite labor 
force which may produce productivity 
differentials. Whether the wage discrimina- 
tion is economically justified or not, it is 
apparently present, and is a significant 
cause of the North-South wage differential. 
(5) Finally, the impact of the industry 
dummies is quite large and unfavorable to 
the South. One is tempted to conclude 
that the dummies measure the impact of 
the two-digit industry mix. But like the 
constant term in the equation, one cannot 
be too sure precisely what is being mea- 
sured. The dummies in part may be picking 
up such influences as intraregional varia- 
tions in technology or. economies of scale, - 
neither of which follow from theory, or in . 
the vintage of the capital stock. However, 
it is believed that to a large degree the 
dummies measure the impact of industry 
mix. 

Perhaps the most interesting aspect of 
the -results is the implication that they 
have for the prospects of obtaining re- 
gional wage uniformity. Fairly clearly, 
such uniformity will depend rather heavily 
upon (1) the extent to which the North- 
South differences in human capital are 
eliminated and (2) the elimination of the 
white-nonwhite wage differential. Un- 
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fortunately, these are not events which one 
would expect to occur in the course of the 
normal operation of the market place. For 
example, ordinarily it would be anticipated 
that interregional factor flows would tend 
to equalize regional factor endowments, 
However, in the case of human capital, 
problems arise due to this factor’s being 
embodied in the labor input to the produc- 
tive process. Thus, for human capital to 
flow from the North to the South, labor 
must flow, but the combined average re- 
ward to the two factors does not encourage 
this. Admittedly, it would if workers with 
relatively large endowments of human 
capital were rewarded appropriately. How- 
ever, in the standardized and integrated 
production processes which characterize 
manufacturing industries, the return to the 
human capital possessed by production 
workers is undoubtedly a function of the 
average level of endowment, and thus does 
not vary greatly from individual to indi- 
vidual.” Consequently, there is little 
inducement for human capital to flow 
from North to South. 

Similarly, the possibility of a flow of 
labor with relatively low endowments of 
human capital from South to North pro- 
ducing an equalization of factor endow- 
ments is probably quite small. For labor 
which possesses limited quantities of hu- 
man capital will find difficulty competing 
successfully in an industrial process which 
is geared to the presence of relatively high 
levels of this factor. In effect, southern 
labor with poorer education finds it diff- 
cult to compete against northern labor, 


11 What happens here is that although the marginal 
reward to human capital is greater in the South, the 
average return to each body possessing this factor is 
lower than in the North. Since wage levels tend to be 
standardized in manufacturing type pursuits, employ- 
ers are not in a position to reward differential endow- 
ments of human capital above the average. Nor, in all 
probability, should they, for it would seem likely that 
productivity levels are little affected by the presence of 
a single “over-endowed” individual. 


and is thus discouraged from moving 
North. Consequently, there would appear 
to be little prospect of interregional flows 
of the stock of human capital producing an 
equalization of factor endowments. 

With respect to the other major source 
of the North-South differential, the white- 
nonwhite wage gap, it might be anticipated 
that. population flows would operate to 
lessen the impact of this factor as non- 
whites would be expected to leave the 
South and move to the North. However, 
recent findings [10], [14] suggest that this 
type of mobility has limited potential for 
lessening the North-South wage differ- 
ential. Specifically, there is evidence to the 


effect that the extent of movement of . 


nonwhites from the South to the North is 
undoubtedly on the decline which means 
that this factor cannot be counted upon too 
heavily to eliminate the North-South wage 
differential, 

If normal market processes are not likely 
to operate to produce regional wage uni- 
formity, what will? It would seem from our 
evidence that the factors which would be 
most likely to produce such uniformity are 
political and social in character rather than 
economic. Specifically, it would seem that 
political and social decisions designed to 
increase the stock of southern human 
capital through additional expenditures on 
public school education would be useful. 
To some extent this has already been ac- 
complished through federal shifting of 


3 The question naturally arises as to why the flow 
of nonwhites from South to North should decline. 
Various evidence indicates that the reverse flow from 
North to South among nonwhites is quite substantial. 
Consequently, as the base of the nonwhite population 
increases in the North, the net flow from South to 
North tends to decline. For example, Gallaway [10] 
shows that between 1957 and 1960, 5.4 percent of Negro 
males migrated from South to North compared to 6.7 
percent of white males. Similarly, 3.8 percent of Negro 
males migrated in the other direction, compared to 2.3 
percent of white males. If such migration rates continue, 
it is clear that little can be expected from population 
flows as a factor in reducing the North-South wage 


SCULLY: INTERSTATE WAGE DIFFERENTIALS 771 


funds for public education. However, this 
is a process which will require at least a 
generation to have its full effect since little 
can be done in this fashion to eliminate the 
differential human-capital endowments 
which now exist among those who have 
already passed through the education 
process. 

As to the white-nonwhite wage gap, this 
is perhaps the most intractable problem 
facing our society today and it clearly in- 
volves social and political decisions of the 
first magnitude if it is to be eliminated. 
Thus, our results can probably best be 
summed up in two propositions: 

The North-South wage differential as it 
now exists is primarily noneconomic in 
character; arising out of a social and poli- 
tical milieu which has generated differ- 
ential endowments of human capital and a 
white-nonwhite wage differential which is 
not particularly amenable to elimination 
by the normal operation of the labor 
market. 

This wage differential is likely to con- 
tinue until basic decisions are made in the 
political and social arena which will elimi- 
nate these two factors in our society. 


APPENDIX 


Methodology of Consiructing Human 
Capial Estimates 


The general view is that human capital 
takes two forms: first, the education em- 
bodied in labor; second, the value of work 
experience. For the purpose of this study 
only the former was considered. While an 
estimate of human capital in the form of 
work experience would be useful, it is be- 
lieved that its determination on an inter- 
state and interindustry basis would be dif- 
ficult, if not impossible, in view of the pau- 
city of data. On the other hand, data are 
available for estimating human capital in 
the form of the value of education embodied 
in the labor force. 

The 1960 Census of Population (hereafter, 
Population) contains data on the age dis- 


tribution of the labor force by state (Table 
128). The definition of the labor force differs 
from the Census of Manufactures (hereafter, 
Manufactures) definition of production workers 
and appears to be more akin to the “all em- 
ployees” universe. However, use of the all 
employees data should not seriously bias the 
estimated age distribution of production 
workers. Estimates of the age distribution 
by industry ¢ and state 7 were obtained from 
the two following expressions, where LCP 
denotes the Population labor force, LCM the 
actual number of Manufactures production 
workers, @, the age class interval, where 
a=1,...,9 (i.e., there are nine age class in- 
tervals ranging from 14-17 to 65 and over), 
and £ the estimated number of Manufactures 
production workers in each age class. There- 
fore, we have 


9 
(1) ta = LCP, / >. LCP 
Gan} 
“A 9 
(2) En = 6, 2 LCM 


Table 122 of Population contains data on 
white and nonwhite employment by indus- 
try and sex. Nonwhites are calculated as a 
percentage of total employment in industry 
4 and state 7, and then the percentage is 
multipled by LCM to obtain an estimate of 
nonwhite production workers. The nonwhite 
production workers are distributed by age 
class intervals as the total population is dis- 
tributed with the result that four race-sex 
estimates of LCM ;; are generated. 

To determine the median school years 
completed, and the amount of school ex- 
penditures manifest in the production work- 
ers of each race-sex-age cohort, certain as- 
sumptions have to be made. First, we assume 
that the place of education of the production 
worker residing in state 7 is approximated by 
his state or region of birth. Secondly, we as- 
sume that the place of birth distribution for 
production workers is the same as that of the 
total native (i.e. U.S.) born population re- 
siding in the same jth state. The nature of 
the data require such assumptions, but they 
do not appear unrealistic.! As a result we have 


1 The data, which were available for this purpose, 
were for the place of birth of the total native bom 
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10 
83) tia, = Pan f È TN 
n=l 


where P denotes the population in a par- 
ticular age class interval, a, and » denotes 
the region (one of the nine Census regions) or 
state of birth (education), where n=1,..., 
10.? Therefore, u is a percentage distribution 
of production workers according to their 
estimated place of education. We obtain the 
estimated number of production workers by 
industry and state in a particular age class 
interval who were educated in one of ten 
places by l 


(4) Éa, ™ tag È ICM 


The result of procedures (1)-(4) is to gen- 
erate a distribution of production workers 
by age, race, sex and place of education. All 
that remains is to determine each group’s 
(cell’s) median school years completed and 
the school expenditures that they received. 
Population median school years of the entire 
state population (by age, race and sex) were 
used to estimate the median school years of 
production workers. For school expenditures 


population for each state by age class intervals. More 
specifically, the data revealed the population by age 
class intervals residing in state j in 1960, who were 
born in state f, and the population residing in state j in 
1960, who were born outside of state j. The latter cate- 
gory was subdivided into those who were born in one of 
the nine Census regions, Therefore, ten places of educa- 
tion were possible, 

* Because data for median school years completed 
and school expenditures per enrolled pupil were not 
available for persons born outside the Continental 
United States, and would not be comparable even if the 
data were available, this group was eliminated from the 
computations. The result was to understate human 
. capital by an amount equal to the human capital mani- 
fest in immigrant production workers. 

* The result of this procedure was to assume that the 
median school years completed for production workers 
in each age class interval was constant in all of the in- 
dustries in the state. This was obviously not the case. 
In reality, industries that employ production workers 
with low skills, e.g., lumber and wood products, were 
probably employing workers in the lower quartile of 
median school years completed for each age class inter- 
val, while industries that employed production workers 
with high skills, e.g., printing and publishing, were 
probably employing workers in the upper quartile. 
However, while this problem might be a serious one in 
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per enrolled pupil I used data from Statis- 
tical Abstracts The human capital manifest 
in the production worker is defined as the 
educational expenditures over the period 
which began t+7 (for simplicity it was as- 
sumed that education was uniformly begun 
at age 7) years after birth and terminated at 
the estimated median school years com- 
pleted." Thus, 


ra 
(5) AG, = p2 Eoy Lag 


where ÊC denotes the estimated human ed- 
ucational capital implicit in Ê, E denotes the 
educational expenditures per pupil in the 
region or state, and > ,*, , indicates the period 
over which the educational expenditures oc- 
curred. 

Consequently, total human capital for 
white male production workers in industry $ 
in state f may be written as 


explaining interindustry wage differentials, it should 
not be a problem in the explanation of interstate wage 
differentials. The feeling was that the distribution of 
workers of a certain educational level would be similar 
among the industries in each of the states; e.g., if 
printing and publishing generally employed workers 
with more median school years, this pattern would be 
similar among the states. The concern in this study was 
with variations in the variable from state to state 
within a two-digit industry, not with variations from 
industry to industry. 

4 Educational expenditure in historical dollars were 
converted to constant dollars using the BLS Consumer 
Price Index, which was available back to 1913. Prior to 
1913, the Federal Reserve Consumer Price Index was 
used. There was no government expenditure price index 
that could be used. 

5 Some problems are implicit in the data. First, there 
are variations in the length of the school year among 
the states. This problem was particularly severe in the 
pre-World War II period and in the South. Since ex- 
penditures are related to the length of the school year, 
the problem was not particularly serious. Secondly, 
lower expenditures on nonwhite pupils is not taken into 
account because of data limitations. At worst, these 
two factors may slightly overstate southern school 
expenditures per pupil. 

* Educational expenditures per pupil are assumed to 
incorporate a quality measure. The specification of a 
quality variable such as teacher’s salaries, which in 
itself may not be a suitable quality variable to begin 
with, introduces severe collinearity problems. See 
Welch [18]. 


} 








(6) 
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Human educational capital for nonwhite 
males and for white and nonwhite females is 
calculated in an identical manner, and these 
are then summed and divided by total pro- 
duction worker manhours to produce an 
estimate of the human capital labor ratios. 


10. 


11. 
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Long-Run Scale Adjustments of a 
Perfectly Competitive Firm 
and Industry 


By C. E. FERGUSON AND Tuomas R. Savinc* 


It has been well over forty-five years 
since, according to George Stigler, [8, p. 
11]: “The concept of perfect competition 
received its complete formulation in Frank 
Knight’s Risk, Uncertainty and Profit 
(1921).” Yet the age of a theory does not 
imply anything about its state of develop- 
ment. Most aspects of the theory of per- 
fect competition are, of course, well known. 
But here again it is appropriate to quote 
Stigler: [8, p. 14]: 

The complete theory of competition 
cannot be known because it is an open- 
ended theory; it is always possible that 
a new range of problems will be posed 
in the framework, and then, no matter 
how well developed the theory was with 
respect to the earlier range of problems, 
it may require extensive elaboration in 
respects which previously it glossed over 
or ignored. 


One such range of problems concerns the 
long-run scale adjustments of perfectly 
competitive firms and of the industry they 
comprise. More specifically, in the theory 
of perfect competition, the long-run re- 
sponsiveness of firm and industry output 
to a change in factor price has been largely 
ignored. It has been shown that in the 
short run, the equilibrium output of a firm 


* The authors are professors of economics at Texas 
A&M University. The research embodied in this paper 
was partly supported by the TAMU Research Founda- 
tion and partly by the National Science Foundation, 
Grant GS-2430. After the manuscript was prepared, 
an article by Trout Rader [6] appeared containing some 
speculations about the likely effect of an increase in 
factor price upon equilibrium output and factor usage. 
In Section II, these results are made explicit. 


varies inversely (directly) with the price of 
a normal (inferior) factor [2], [4]. But this 
is all. 

The chief object of this paper is to prove 
the following propositions for perfectly 
competitive firms and industries: (a) a 
firm’s short- and long-run output adjust- 
ment to a change in factor price depends 
upon the expenditure elasticity of the ` 
factor, not upon its normality or inferior- ` 
ity; (b) regardless of the change in mar- 
ginal cost, average cost must vary directly 
with factor price; (c) hence the long-run 


` supply price of a perfectly competitive 
industry must vary directly, and its out- 


774 


put inversely, with factor price. 

As subsidiary results, we show that (a) 
from the production side, the relation be- 
tween supply and expenditure elasticity is 
exactly analogous to the relation between 
demand and income elasticity in the theory 
of consumer behavior; (b) derived input 
demand functions have substitution and 
expenditure effects that are analogous to 
the substitution and income effects in the 
theory of demand; and (c) long-run aver- 
age cost is always inelastic with respect to 
factor price. The last two propositions are 
proved in the Appendix, to which no tex- 
tual reference is made. 


I 


The basic model has been developed in a 
different context by Jacob Mosak [5] and 
1It should be noted, however, that derived input 


demand functions are always negatively sloped except 
i a curiosum shown in the Appendix. See (5], [7], and 
3]. 
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the present authors.? Consider a firm in a 
perfectly competitive industry. Assume 
that the industry is perfectly competitive 
in all factor markets and that factor sup- 
plies are perfectly elastic. The production 
function of the firm is 


(1) q = f(t, ta... 


where g is the rate of physical output and 
x; is the rate of use of the i-th input. Over 
the relevant range all marginal products 
are positive and monotonically decreasing, 
as required by (4) and (6) below (ie, 
f:>0 and fa <0 for all i). 

Denoting the price of the i-th input by 
p: and product price by $, cost and profit 
are given, respectively, by ‘ 


> Ta); 


(2) pS Pixs 
#1 

and 

(3) r= p9— c. 


Since our interest is focused on long-run 
adjustments, all factors are allowed to be 
variable. Thus we assume that the firm 
maximizes (3) subject to (1), (2), and to 
the condition for long-run competitive 
equilibrium (i.e., price equals marginal 
cost equals minimum long-run average 
cost). The well-known requirements for a 
unique maximum are 


(4) fe— dpi = 0, = 1,2,...,0) 


(5) i = 
x Jai Ż, 
(6) 2 D fydzidzj < 0. 
i 


Inequality (6) must hold both by itself 
and subject to the linear constraint 
$ f;dx;=0. In the following, we denote the 
matrices associated with the unconstrained 
and constrained quadratics by [F*] and 
[F] respectively. Finally, to establish long- 


+See fn. 1. 


run industry equilibrium we require, in 
addition to (4)— (6), that marginal cost 
equal average cost, i.e., 





1 > pyr; 
7 ne as 1 
2 A J=) 


In what follows, we shall find it useful to 
relate the negative definite matrices in 
(6). To this end denote the determinants 
by F and F* and the corresponding cofac- 
tors by subscripts, where the rows and 
columns of F are numbered 0, 1,---, n 
and of F*, 1, 2, , n. It is then easily 
shown that 


Fo = F*, Fu = — i rA 
(8) 00 of Lif i 


(i=1,2,..., n) 
Without loss of generality we may assume 


that there are an even number of inputs.’ 
Thus, (6) and (8) imply that 


Fi : 
(9) Tape (@=1,2,...,n) 
and 
Foo Ft 
(10) — = — > 0. 
F F 


The response of the long-run optimal 
scale of a firm to a change in factor prices 
can be derived by taking the total differ- 
ential of (4) subject to condition (7). This 
is equivalent to forcing the response to 
changes in factor price to comply with 
cost minimization while maintaining long- 
Tun equilibrium. Note that price is still a 


3 Some readers have questioned the validity of this 
assumption. Since [F] and [F*] are negative definite 
and their determinants and cofactors are always used 
in ratio form, the assumption cannot affect the sign of 
the ratio. This is all that matters. Next, F*;; is used in 
the expression 2/;F*1; to define an inferior factor. Again 
the assumption js immaterial because by definition, a 
factor is inferior if the sum is positive and the number 
of factors is even, or if the sum is negative and the 
number of factors is odd. See [2] and [4]. 
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parameter to the firm. In fact, in the model 
of long-run industry equilibrium, the entry 
or exit of firms forces price to equal the 
common minimum long-run average cost 
of all firms, Thus it is not necessary to take 
commodity price into account explicitly. 

From (4) and (7) the relevant system of 
equations is 


D fuds; — pidd — dp; = 0, 
jul 


(11) @=1,2,...,n) 
2o fidt — l da pide + Do z| 
jmi j=i j=l 
— cdr = 0. 


Without loss of generality, we may eval- 
uate system (11) for the particular vector 
of factor prices given by column [dp,, 0, 
- ++, 0]. On this assumption, substituting 
(4) in (11) reduces the system to 


(12) —cdd = dxidpr, 


—i n 
7 + D frye; = Adhi, 
jal 


— 1 n 
— fidà + Yo fuds; = 0. (i = 2,3,...,0) 
A jml 


The matrix of coefficients of (12) is 
—c 0 


H| =] — 
(13) [a] I=", tu 


Gj = 1,2,...,) 


The determinants and cofactors of [H] are 
related to F and F* in the following way: 


(14) H = — cF oo = oe cF*, 
—1 2 

Ha = — Fu = — F fiFip 
À À fmt 


G=1,2,...,) 

Hy = 0, (i = 1,2,...,0) 
* ar 

Hy=—cFy. (4,7 =1,2,...,n) 


Solving (12) by Cramer’s Rule and using 
(14) we obtain 


From (1) the change in total output is 
(16) dq = Do fidas. 
fel 


Substituting for the dx; from (15) and 
noting that F=)>°,f;Fo;, we obtain the 
expression for the change in long-run op- 
timal scale in response to a change in factor 
price: 


A 2 * 

0) a aet pe SiP | 

The first term on the right-hand ‘side of 
(17) is always positive inasmuch as each 
element in the expression is positive. Next, 
since À and F* are positive, the second 
term is positive or negative according as 
dif #%1320. Now differentiate (4) and 
(2) and solve the resulting system of n-+-1 
equations for dw,/dc to obtain 

dx, ; A 2 * 

(18) = = 2. iP 

From (18) we see that the crucial part of 
the second term on the right-hand side of 
(17) will be positive if, and only if, the 
factor under consideration is inferior.‘ 
Thus for an inferior factor, the long-run 
optimal scale of the firm must increase 
when factor price increases. But we can 
say considerably more than this. 

Define the expenditure elasticity of a 


4 An inferior factor is one whose use declines when 
output (and thus cost) is expanded at constant factor 
prices. Alternatively, an inferior factor is one whose 
expenditure elasticity is negative. 
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factor as the relative responsiveness of 
factor usage to a change in total expendi- 
ture on all resources. That is, the expendi- 
ture elasticity is the proportional change 
in the use of a given factor divided by the 
proportional change in expenditure on all 
factors. Denoting the expenditure elastic- 
ity of factor 1 by nı, we have, from the 
definition and (18), 


dx, c Ac * 
19) me =(——)=~-—dipr 
(19) m ( z 5) E Esey 
Solving (19) we have 
2 xF 
(20) Sify = —— 1 
j=l Ac 


Substituting (20) into (17) yields the 
crucial relation: 


(21) ae a (1 => 110). 


It was noted above that a, c, F, and F* 
are all positive. Hence the effect of a 
change in factor price on the long-run 
optimal scale of the firm depends exclu- 
sively upon the expenditure elasticity of 
the input whose price has changed. In par- 
ticular, if a factor has a unitary expendi- 
ture elasticity, a change in its price will 
not affect the long-run optimal scale of 
firms. Otherwise, the long-run optimal 
scale will increase or decrease according as 
the expenditure elasticity is less or greater 
than unity. 

Let us now introduce the following clas- 
sification: factor 1 is inferior if nı <0, nor- 
mal if O<m,.<1, and superior if m,>1. 
Thus for normal and inferior factors, an 
increase in factor price will result in an in- 
crease in the long-run optimal scale of the 
| firm. On the other hand, an increase in the 
| price of a superior factor will result in a 
decrease in the long-run optimal scale of 
the firm. These relations are illustrated in 
Figure 2; but a discussion of the figure is 
deferred until we have proved that long- 


run average cost must vary directly with 
factor price, irrespective of factor classifi- 
cation. 

The discussion in the paragraph above is 
in terms of an increase in factor price. 
Generalizing, the long-run equilibrium out- 
put of a perfectly competitive firm must 
always vary directly with the price of an 
inferior or normal input and must always 
vary inversely with the price of a superior 
input. This is a result of some surprise 
inasmuch as it has customarily been 
thought that equilibrium output varies in- 
versely with factor price (except for in- 
ferior factors). Nonetheless, the explana- 
tion of this phenomenon is relatively 
straightforward once the relation between 
the expenditure elasticity of a factor and 
the change in its relative share is taken into 
account. 

Let x, denote the proportion of total 
cost accounted for by factor 1. In the 
equilibria with which we deal this is also, 
given competitive imputations, the rela- 
tive distributional share of factor 1. The 
change in the factor share as expenditure 
and output increase is 
(22) MG, — 1) 

a z Nio . 

As (22) clearly shows, the share of a 
superior factor (1> 1) increases as ex- 
penditure and output increase, whereas the 
share of an inferior or normal factor 
(me <1) decreases. Thus when a factor 
price increases, there will be an increase in 
output and a decrease in the relative share 
of the now more expensive factor if that 
factor is inferior or normal; the opposite 
relation holds for a superior factor. 


I 
It has been shown that an increase in the 
price of an inferior or normal factor will 
lead to an increase in the long-run optimal 
scale of an individual firm in a competitive 
industry. It does not follow, however, that 
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long-run equilibrium industry output in- 
creases as well. In fact, our intuition and 
simple logic assure us that this is not the 
case. An increase in factor price must 
surely increase long-run average cost for 
every level of output; therefore long-run 
supply price for the industry must increase 
and equilibrium industry output must 
decline. Since the optimal scale of the firm 
must increase if the factor whose price has 
increased has an expenditure elasticity 
less than one, i.e., is inferior or normal, the 
reduction in industry output must be 
accomplished by means of an exodus of 
firms from the industry. 

To establish this proposition in a simple 
way,’ consider any point (AC*°, g°) on the 
long-run average cost curve. Let one factor 
price change (all others remaining con- 
stant) and consider the corresponding 


point (AC’, q°) on the new long-run average _ 


cost curve. Clearly the cost of the new 
input set at the new prices is higher 
than the same set purchased at the old 
factor prices. But at the old factor prices, 
the firm chose a different set of inputs, in- 
dicating that the cost of purchasing the 
old set was less than the cost of the new 
set at the old prices. Thus the cost of the 
new set of inputs at the new prices exceeds 
the cost of the new set at the old prices, 
which in turn exceeds the cost of the old 
set at the old prices. 

Therefore, average cost must have in- 
creased, i.e., AC'>AC® at output g°. But 
since the choice of g° was arbitrary, long- 
run average cost must be higher at every 
output. Now if output g° corresponded to 
the minimum point on the original long- 
run average cost curve, then every point 
on the long-run average cost curve asso- 
ciated with the new set of factor prices 
must be greater than AC°. Hence the new 
level of minimum average cost must be 


5 Mathematical derivation is given in Note 1 in the 
Appendix. 


higher so that the level of minimum aver- 
age cost varies directly with factor price 
irrespective of factor classification. 

To summarize, whether factor 1 is in- 
ferior, normal, or superior, an increase in 
its price always shifts long-run total cost 
upward for any level of output. Conse- 
quently, whenever a factor price increases, 
the long-run average cost curve is dis- 
placed upward, with its new minimum 
point corresponding to a larger or a smaller 
output according as the expenditure elas- 
ticity of the factor whose price changes is 
less than or greater than unity. Therefore, 
long-run industry price must rise and, 
given the demand function, long-run equi- 
librium output must decline. 

Let us emphasize again that this result 
is independent of the classification of the 
factor whose price changes. But note that 
the short-run industry response is not in- 
dependent of factor inferiority. As shown 
by Bear [2] (and our equation (1.5) in the 
Appendix), both long-run and short-run 
marginal cost shift downward in response 
to an increase in the price of an inferior 
factor. Thus short-run industry output in- 
creases when the price of an inferior factor 
increases. But as shown above, long-run 
industry output must decline. This occurs, 
of course, because in the short-run firms in 
this industry earn losses; there is accord- 
ingly an exodus of firms from the industry, 
and this continues until price is equal to 
the now higher minimum average cost. 


Oi 


The chief results of previous sections are 
summarized graphically in this section. 
The three panels of Figure 1 each show 
initial long-run average and marginal cost 
curves (ACs, MC,) and the same curves 
after they have been displaced by an in- 
crease in the price of some factor (AC, 
MC,). If the factor in question is inferior, 
Panel a, marginal cost shifts downward to 
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o do qq 9 do 9 q 
PANEL a- INFERIOR PANEL b- NORMAL PANEL c- SUPERIOR 
FACTOR FACTOR FACTOR 
FIGURE I- SCHEMATIC ILLUSTRATION OF SHIFTS 


IN AC AND MC WHEN FACTOR PRICE INCREASES 


the right, average cost shifts upward to the 
right, and minimum average cost occurs at 
a greater rate of output. 

If the factor is normal, marginal cost 
shifts upward to the left, average cost 
shifts upward to the right, and minimum 
average cost corresponds to a larger vol- 
ume of output. Finally, if the input is 
superior, both marginal and average cost 
shift upward to the left, and minimum 
average cost occurs at a smaller rate of out- 
put. Since long-run supply price must in- 
crease in all cases, the reduction in indus- 
try output must be accomplished by an 
exodus of firms if the factor whose price 
rises is normal or inferior. 

The displacement of minimum long-run 
average cost is illustrated more clearly in 
Figure 2. AC, and MC, are the initial long- 
run average and marginal cost curves. We 
again assume that the price of a factor in- 
creases, The areas and lines with the nu 
labels indicate the direction in which 
minimum average cost is displaced. The 
three cases discussed above are quite 


clear. Two interesting additional cases 
emerge in which the expenditure elasticity 
of the factor whose price increases is zero 
or one. The following propositions are 
proved in Note 1 of the Appendix. 


‘That is, the cases of factor superiority (.>1), 
factor normality (0<m.<1), and factor inferiority 
(mo<0). 





FIGURE 2- SHIFTS IN MINIMUM AC 
AND THE EXPENDITURE ELASTICITY 
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In the first situation (expenditure elas- 
ticity of zero), the long-run average cost 
curve must move upward along the orig- 
inal marginal cost curve. Since 7,=0 by 
hypothesis, a change in total expenditure 
does not affect the usage of the factor 
whose price increased. Hence marginal cost 
does not change; and the new average cost 
curve must intersect the unchanged mar- 
ginal cost curve at the point where the 
former attains its minimum value. 

This relation has a straightforward 
economic interpretation. A factor whose 
expenditure elasticity is zero is economi- 
cally fixed even though it is technologically 
variable. That is, profit-maximizing en- 
trepreneurs, who can vary the factor in 
question, find that their long-run optimal 
adjustment dictates using the same 
amount of the factor at every level of out- 
put. Therefore the factor is economically 
fixed; and changes in its price are tanta- 
mount to changes in fixed cost, which do 
not affect marginal cost. In the second 
situation (expenditure elasticity of one), 
the long-run average cost curve simply 
shifts vertically and the minimum average 
cost output remains unchanged. 


IV 


In competitive industry, long-run equi- 
librium price will always vary directly with 
factor price, while long-run equilibrium 
output will vary inversely. It is only within 
the individual firms that the long-run ad- 
justment may be different; and we have 
seen that the nature of these adjustments 
depends critically upon the expenditure 
elasticity of the input whose price changes. 
Using the classification scheme introduced 
above, we may summarize the results as 
follows: given a change in input price, (a) 
if the factor is inferior, long-run marginal 
cost varies inversely and long-run equilib- 
rium output varies directly with factor 
price; (b) if the factor is normal, both long- 
run marginal cost and equilibrium output 


vary directly with factor price; and (c) if 
the factor is superior, long-run marginal 
cost varies directly and equilibrium output 
inversely with factor price. 


APPENDIX 


Note 1. Displacement of Long Run Average 
Cost. In the text we argue that long-run 
average cost must vary directly with factor 
price. This result can be easily confirmed by 
differentiating the first-order conditions (4) 
subject to the constraint that output remain 
constant, i.e., the differential of (1) be zero. 
Output is held constant so as to enable us to 
infer the behavior of average cost from the 
behavior of total cost. Performing the indi- 
cated operations yields the following system 
of equations: 


2 fidx; = 0, 
Ji 
1.1 ia 
me — pid + È, fult = dps 
jot 
(@=1,2,...,) 


The matrix of coefficients of (1.1) is 


a-[34 


(ij = 1,2,...,%) 


Using (4) and (8) establishes the following 
relations among the determinants and co- 
factors of [G], [F], and [F*]: 


(1.2) 


1 1 
oe age Sos 


(1.3) @=0,1,---,a;7 =1,2,...,n) 
Goo = Foo = F*, Gio = Fio 
G=1,2,...,n) 


Solving (1.1) by Cramer’s Rule and using 
(1.3), one obtains 


À n 
dz; = — D1 Fydpi, (§=1,2,...,0) 
t=1 
(1.4) os 
dh = — Li Foig; 


iml 
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Again without loss of generality we may as- 
sume that the price of input 1 is the only one 
that changes. Upon substitution of the 
factor-price vector column (di, 0, - - -, 0), 
(1.4) becomes? 


À 
day = — Fist, G=1,2,... n) 


A3 M2 * 
(1.5) d=— F Figdpi = F DF ydp 
jel 


XÀ 


= — — dpi. 
C 


First note that (dà/dpı) 20 according as 


= * 

Di fiy 2 0 

Jml 
since A and F are positive. Thus à varies di- 
rectly or inversely with factor price according 
as the factor whose price changes is inferior or 
noninferior. But since A is the reciprocal of 
long-run marginal cost, the latter shifts down- 
ward when the price of an inferior factor 
rises and upward when the price of a non- 
inferior factor rises.® 

The results obtained in (1.5) can now be 


used to show that long-run average cost must - 


vary directly with factor price irrespective of 
factor classification. Differentiating the cost 


| function (2) and using the factor-price vector 


column (df, 0, .. . ,0), one obtains 


| (LO de= Ý pidr + mdp (dq = 0) 


j=l 
Substituting (1.5) in (1.6) yields 
de 12 
1.7) — = — Fyt zi =0 
( eR dhs y tasr. (dg = 0) 
But 
DAF y 
j=l 


is an expansion of F by alien cofactors and is 


Y The proof that marginal cost is unchanged when 
the expenditure elasticity of the factor is zero follows 
from the second equation in (1.5). 

8 This result was shown by Bear [2]. 
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accordingly zero. Hence the change in long- 
run total cost resulting from a change in 
factor price, output constant, is 


dc 
(1.8) —-=m%>0. (dg = 0) 
dp; 
Since total cost increases for each quantity 
produced, it follows that long-run average 


cost increases as well. 


Note 2. Derived Input Demand Functions. 
From (1.5) we immediately obtain the slope 
properties of the constant-output demand 
function for an input: 


dx; ARy 1 Fy 
(2.1) dp; F p E 
(j =1,2,..., 7) 


Now introduce the customary definition of 
the partial elasticity of substitution [1, p. 
504]: 


c Fy 


US on ae 


2.2 
02.2) xx; F 


Using (2.2) in (2.1), the constant-output de- 
mand curves may be given the following 
representation: 


(=) —U1xy 
_—_ = Gij. 
dpı/agmo $e 
(Gj =1,2,...,) 


Since (Fu/F)<0, o;<0. Therefore, all 
constant-output factor demand functions 
are negatively sloped with respect to their 
own price. By customary definition [1, p. 
505], inputs 1 and 7 are said to be competi- 
tive or complementary according as 01,20. 
Thus output held constant, a rise in the price 
of input 1 will augment or diminish the use 
of input f according as the inputs are compe- 
titive or complementary. It should further be 
noted that (a) this result is independent of 
factor classification and (b) the change repre- 
sents a pure substitution effect inasmuch as 
the movements are restricted to an original 
isoquant. 

The slope characteristics of unrestricted 
input demand functions may be derived by 





(2.3) 
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displacing (4) subject to the constraint im- 
posed by the production function: 


DL fidt; = da, 
jal 


apse = hdpy, 
(2.4) fr Da fuds pı 


—pidd + È fuds; = 0. 
j=l 


(i = 2,3,...,) 


The matrix of coefficients is [G] and has the 
properties shown in (1.3) above. Solving 
(2.4) by Cramer’s Rule yields 


Re È riip 
(28) A= ——-dg +, 
Lit 
(2.6) day = —— da + a dp. 


G =1,2,...,n) 


These equations hold for a single profit- 
maximizing firm in a perfectly competitive 
industry. Two distinct cases may be dis- 
cussed. First, in the short run, price is a 
parametrically given constant equal to mar- 
ginal cost. Since A is the reciprocal of mar- 
ginal cost, dp=0 implies d\=0. Using this 
information in (2.5) and substituting (19), 
(2.2), and (2.5) in (2.6) yields the derived 
short-run input demand functions whose 
characteristics we wish to determine: 


dx; grë 
(2.7) dp oF 


AX; 





Nijo F oy. 


(j= 1,2,...,) 


The second term on the right-hand side of 
(2.7) is precisely the substitution effect we 
isolated when analyzing the constant-output 
demand functions. All statements made in 
that connection apply here as well. The first 
term on the right-hand side of (2.7) is the 
expenditure effect that reflects the change 
in output and expenditure incident to profit- 


maximizing adjustments to a change in fac- 
tor price. 
Let us examine the change for factor 1: 





Both terms on the right-hand side of (2.8) 
are necessarily negative, so quantity de- 
manded varies inversely with price irrespec- 
tive of the factor classification. The expendi- 
ture elasticity enters the expenditure effect 
as a squared term. Thus the expenditure 
effect in the theory of the firm can never have 
perverse effects as can the corresponding in- 
come elasticity in the theory of consumer be- 
havior. 

Second, in the long run, price must adjust 
so as to equal the changing minimum long- 
run average cost. Thus we can define a long- 
run equilibrium derived input demand func- 
tion for each firm by requiring that long-run 
marginal cost equal long run, average cost. 
Consequently, 


Atı 


(2.9) d = —— dp, 
C 


Substituting (19), (2.2), (2.5) and (2.9) in 
(2.6) yields the result we seek: 


We can again separate the total effect of a 
change in factor price into a substitution 
effect and an expenditure effect. The sub- 
stitution effect is, of course, necessarily nega- 
tive; but in this case the expenditure effect 
may be positive. Thus in the long run an in- 
crease in factor price may result in an in- 
crease in the usage of the factor in question. 
This curiosum can only occur if the expendi- 
ture elasticity is between 0 and 1 since it is 
only in this case that the combination of a 
positive relation between output and both 
factor usage and factor price occurs (see 
Figure 1). In all other cases, the first term on 
the right-hand side of (2.10) is necessarily 
nonpositive (it is 0 when ,.=0 or when 
m= 1). Note, however, that this result does 


FERGUSON AND SAVING: SCALE ADJUSTMENTS 783 


not apply to the industry demand function 
since industry output necessarily declines 
when a factor price rises. It should further be 
noted that this is not a derived demand func- 
tion of the conventional form. But it is in- 
teresting to observe that in shifting from one 
long-run equilibrium to another, a firm’s 
usage of a factor may vary directly with its 
price. 


Note 3. Responsiveness of Minimum Long- 
Run Average Cost io Factor Price Changes. 
The results shown in (15) are derived assum- 
ing that the firm is operating at the minimum 
point on its average cost curve. Hence 


(3.1) 


(3.2) d(AC) = ~ z . 


Now substituting (15) into (3.2) yields 


(3.3) d(AC) = — dps, 
Àc 


so that the elasticity of the minimum long-run 
average cost with respect to factor price is 


d(AC) pı 
dp, AC 


where x; is the relative factor share of factor 
1. Since in a multifactor model xı <1, it fol- 
lows that minimum long-run average cost 


(3.4) 





must be inelastic with respect to factor price. 
This result is to be expected since even at 
constant output, an X percent increase in 
factor price must increase average cost by 
less than X percent. Since the new minimum 
average cost must be at least as low as the 
constant output average cost, it too must 
rise by less than X percent. 
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A Re-Examination of the Modigliani- 
Miller Theorem 


By Josera E. Sriciitz* 


In their classic paper of 1958, Franco 
Modigliani and Merton H. Miller demon- 
strated that the cost of capital for a firm 
was independent of the debt-equity ratio 
[13]. Although much of the subsequent 
discussion has focused on the realism of 
particular assumptions [3], [7], there have 
been few attempts to delineate exactly the 
class of assumptions under which the M-M 
theorem obtains.’ In particular, five limita- 
tions of the M-M proof may be noted: 

1. It depended on the existence of risk 
classes. 

2. The use of risk classes seemed to 
imply objective rather than subjective 
probability distributions over the possible 
outcomes. 

3. It was based on partial equilibrium 
rather than general equilibrium analysis. 

4, It was not clear whether the theorem 
held only for competitive markets. 

5. Except under special circumstances, 
it was not clear how the possibility of firm 
bankruptcy affected the validity of the 
theorem. 


* Associate professor, Cowles Foundation, Yale Uni- 
versity. This is a revised version of Cowles Foundation 
Discussion Paper No. 242, presented at the December 
1967 meetings of the Econometric Society. The research 
described in this paper was carried out under grants 
from the National Science Foundation and from the 
Ford Foundation. I am deeply indebted to D. Cass, 
A, Klevorick, M. Miller, and W. Nordhaus for exten- 
sive discussions on these problems and detailed com- 
ments on a previous draft. 

1 Exceptions are the work of Hirschleifer [9], [10} 
and Robichek and Meyers [19], who used the Arrow- 
Debreu model (which assumes at least as many se- 
curities as states of the world) and the doctoral disserta- 
tion of G. Pye [18]. More recently Sher {21} has con- 
cerned himself with some of the difficulties raised by 
bankruptcy. For other general equilibrium portfolio 
(stock-market) models, see Sharpe [20], Lintner [11], 
Mossin [17], and Diamond [6]. 


In Section I, we show in the context of a 
general equilibrium state preference model 
that the M-M theorem holds under much 
more general conditions than those as- 
sumed in their original study. The validity 


‘of the theorem does not depend on the 
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existence of risk classes, on the competi- 
tiveness of the capital market, or on the 
agreement of individuals about the prob- 
ability distribution of outcomes.? 

The two assumptions which do appear 
to be important for our proof are (a) indi- 
viduals can borrow at the same market rate 
of interest as firms and (b) there is no 
bankruptcy.? But it is these assumptions 
which appear to be the center of much of 
the criticism of the M-M analysis. In Sec- 
tion II, we show that the M-M results 
may still be valid even if there are limita- 
tions on individual borrowing, and in 
Section III, we show that the possibility of 
bankruptcy raises more serious problems, 
although the M-M theorem can still be 
shown to hold under somewhat more 
stringent conditions. 


I. The Basic Theorem 


Consider a firm whose gross returns, X 
(before paying bondholders but after pay- 
ing all non-capital factors of production) 
are uncertain. We can consider X as a 
function of the state of the world 6. One 
dollar invested in a perfectly safe bond 
yields a gross return of r*, so that r*—1 is 


1 Except that they must agree that there is zero 
probability of bankruptcy. See discussion in tezt. 

2 It should be clear that these assumptions are not 
completely independent. Presumably, one of the most 
important reasons individuals cannot borrow at the 
same rate as firms is that there is a higher probability 
of default. 
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the market rate of interest. If there is any 
chance of bankruptcy, the nominal rate f 
which the firm must pay on its bonds will 
depend on the number issued. If princi- 
pal payments plus interest exceed gross 
profits, X, the firm goes bankrupt, and the 
gross profits are divided among the bond- 
holders.‘ Thus the gross return on a dollar 
invested in the bonds of the firm depends 
on state 0 
? if ?B < X0) 


(1) #@) = =o if fB > X(@). 


Earnings per dollar invested in equity in 
state 0 are given by 

[X(@) —*?B]/E if PB < X(6) 
0 if fB > X(6) 
where Æ is the value of the firm’s equity. 
The value of the firm is 

(3) V=E+B. 


Individuals will be assumed to evaluate 
alternative portfolios in terms of their in- 
come patterns across the states of nature. 

We now prove the following proposi- 
tion. 


o w= d 


Assume there is no bankruptcy and 
individuals can borrow and lend at the 
market rate of interest, If there exists a 
general equilibrium with each firm hav- 
ing a particular debt-equity ratio and a 
particular value, then there exists an- 
other general equilibrium solution for 
the economy with any firm having any 
other debt-equity ratio but with the 
value of all firms and the market rate of 
interest unchanged. : 


‘Throughout the discussion, we limit ourselves to 
a two-period model. In a two-period model, a firm 
either makes its interest payments or goes bankrupt. 
In a multiperiod model, the firm can, in addition, defer 
the interest or principal payments. If there is a positive 
probability of such deferral, the market will force the 
firm to pay a higher nominal rate of interest. If there 
are large transaction costs involved in bankruptcy or 
deferral, the M-M theorem would not hold. Through- 
out the discussion we shall assume that there are no 
flotation costs and no taxes. 


Proof: Let wi be the 7# individual’s 
wealth, Æi, the value of his shares of the 
4 firm, Bi the number of bonds he owns.’ 
Assume the i* firm, whose value is Vi, 
issues B; bonds. The j* individual’s bud- 
get constraint may be written 


(4) w= E+ 


If we let aj;= Ei,/E,, the share of the i 
firm’s equity owned by the 7* individual, 
(4) becomes 


(5) w= aks + B 
Then his income in state 0 may be written 


YO = È (Xi — B) 
(> 


© +r (+! aaa B9) 


i=l 
= > Xat P(o -= 5 avi); 
i=l 1 


If, as B; changes, V; remains unchanged, 
the individual’s opportunity set does not 
change, and the set of a; which maximizes 
the individual’s utility is unchanged. If 


Dod = 1 
J 


before, i.e., demand for shares equalled 
supply of shares, it still does. The. total 
net demand for bonds is 


g(r a2 lV: — B)) +E B: 
=Ew -EV 
If the market was in equilibrium initially, 


i.e., excess demand equalled zero. If as the 
debt equity ratio changes, all V; remain 
unchanged, excess demand remains at 
Zero. 


* By convention, one bond costs one dollar. 
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An alternative way of seeing thisis the 
following. We may rewrite (6) as 


(6) Y {o = L eal E + Pha as Èz) 


Assume now that the first firm, say, issues 
no bonds. If we let carets denote the values 
of the various variables in this situation, 
the opportunity set is given by 


6) P%O = > TONE + #* (v = Ds), 


Assume r*=f*, E= Ê, i22. Then from 
(2), e(0) =6,(0), +>2. If f= E+B, then 
the opportunity sets described by (6’) and 
(6’’) are identical. To see this, assume 
that for each dollar of equity he owned in 
the first firm in the initial situation, the 
individual borrows B,/F, in addition to Bé 


; B 
s0 P =B +E 
Ex 


With the proceeds of the loan he increases 
his holdings of equities in the first firm, so 


(7) EET CEOE 


1 


His income in state 0 is then given by 


X z 





+ So eOr 
vole a 


t—2 


z (= meee “a 3 PRONA 


P40) = 








+r* (v -5 zi) 
i=l 
which is identical to (6%. 

Since his opportunity set has not been 
changed as a result of the change in the 
debt-equity ratio of the firm, if he was 
maximizing bis utility in the initial situa- 


tion, the optimal allocation in the new 
situation is identical to that in the initial 
situation with the one modification given 
above. 

We now need to show that the markets 
for the firm’s equities and the market for 
bonds will clear. Summing (7) over all 
individuals, we obtain 

DË- TEE, 

F E.G 
Thus the demand for equities has in- 
creased by a factor V:/Fi. But since 
E,/E,= V;/ Fy, the supply has increased by 
exactly the same proportion, so if demand 
equalled supply before it also does now. 
Similarly, the increase in the demand for 
bonds by individuals equals (B/ E1) J El = 
Bı. But this exactly equals the decrease in 
the demand for bonds by the first firm. 

It should be emphasized that in this 
proof, X(0) is subjectively determined; 
moreover no assumptions about the size of 
firms, the source of the uncertainty, and 
the existence of risk classes have been 
made. The only restriction on the indi- 
vidual’s behavior is that he evaluates 
alternative portfolios in terms of the in- 
come stream they generate. The two 
crucial assumptions were (a) all indi- 
viduals agree that for all firms X;(6) >r*B 
for all @ (see Section III); and (b) indi- 
viduals can borrow and lend at the market 
rate of interest. This assumption is con- 
siderably weaker than the assumption of 
a competitive capital market, since no | 
assumption about the number of firms has 
been made: the market rate of interest 
need not be invariant to the supply of 
bonds by any single firm. 


II. Limitations on Individual Borrowing 

One of the main objections raised to the 
M-M analysis is that individuals cannot 
borrow at the same rate of interest as 
firms. First, it should be noted (see [13]) 


STIGLITZ: MODIGLIANI-MILLER THEOREM 787 


that the analysis does not require that 
individuals actually borrow from the mar- 
ket, but only that they change their hold- 
ings of bonds. A problem can arise then 
only if an individual has no bonds in his 
portfolio. 

Although the requirement that all indi- 
viduals hold bonds does place restrictions 
on the possible debt-equity ratios of differ- 
ent firms, there still need not be an optimal 
debt-equity ratio for any single firm. As- 
sume we have some general equilibrium 
situation where Bi>0 for all 7. Then so 
long as B; satisfy the inequalities 


(9) DS ae, > w= >. onl: for all j 
i i 


all individuals will be lenders. If there were 
two firms, the constraints (9) would imply 
that (Bi, Ba) lie in the shaded area shown 
in Figure 1. For any pair of (B4, Bz) in the 
region, there will exist a general equilib- 
rium in which the values of both firms are 
identical to that in the original situation. 

So far, none of our results have depended 
on the existence of risk classes. The follow- 
ing two results depend on more than one 
firm having the same pattern of returns 
across the states of nature. 

We shall first show that if there are two 
(or more) firms with the same pattern of 
returns and individuals can sell short, then 
the two firms must have the same value, 
independent of the debt-equity ratio. 

We follow M-M in assuming for sim- 
plicity that one of the two firms has no 
outstanding debt, so Vi=E;. The second 
firm issues B: bonds, so V= B4 Ez. 

Consider first an individual who owns a1 
of the shares of the first firm, yielding an 
income pattern a1X3(6). If instead he pur- 
chases a of the shares of the second firm, 
at a cost of a,f,, and buys aB: bonds, his 


é Two firms, ¢ and j are in the same risk class if 
X:(0) =2.X;(0) for all 9. In the remainder of the dis- 
cussion we shall assume, for convenience, that A» 1. 


B, 


Be 


FIGURE Í 


income in state 0 is œ(X:(0)—r*B)+ 
aw* Ba=@ıX:(0) which is identical to his 
income in state # in the previous situation. 
But the cost of purchasing a of the shares 
of the first company is aiV; which is 
greater than a( E+ Bz) =V: if Vi> Va. 
Accordingly, if Vı were greater than Vs, 
all holders of shares in the first company 
would sell their shares and purchase shares 
in the second firm, driving the value of the 
second firm up and that of the first down. 
Now consider an individual who wishes to 
lend money. If he sells short a of the 
shares of the second firm and buys ay of 
the shares of the first firm, he receives a 
perfectly safe return of? —a,(X2—1r*B,)+ 
a2Xi=aer*B, at a net cost of —a:(Vi— 
B;)++oxV; so the return per dollar is 


B: 1 
r = 
Vi — (V2 — Bs) Vi-Vs; 
B: 





1+ 


If Vi< V2, the individual can obtain a per- 
fectly safe return in excess of r*. It follows 


7 As usual, we assume no transactions costs and that 
there is no cash margin requirement on short sales, 
(See fn. 9.) 
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immediately that equilibrium in the capi- 
tal market requires Vi= V3.8 

Similar arguments can be used to show 
the following. 


Jf there are three or more firms in the 
same risk class, and the firms with the 
highest and lowest debt equity ratios 
have the same value, then the value of 
all other firms must be the same. 


This is true whether individuals can 
borrow or can sell securities short. This 
result rules out the possibility of a U- 
shaped curve relating the value of the firm 
to the debt-equity ratio.° 


IL. Bankruptcy 


Bankruptcy presents a problem for the 
usual proofs of the M-M theorem on two 
accounts: first, it means that the nominal 
rate of interest which the firm must pay on 
its bonds will increase as the number of 
bonds increases. (M-M have treated the 
case where it increases at exactly the same 
rate for all firms and individuals.) Second, 
if a firm goes bankrupt, it is no longer pos- 
sible for an individual to replicate the 
exact patterns of returns, except if he can 


* This proof has the advantage that no restrictions 
on the sign of X(6) need be made. Although the case of 
X(6)<0 is not very interesting from an economic point 
of view, some authors (e.g. [21}) have drawn attention 
to the difficulties which arise in the original M-M 
proof when X(6)<0. 

* Taxes and bankruptcy may alter this conclusion. 
Recently, Baumol and Malkeil [2] have argued that if 
there are costs of transactions, the levered company 
may have a higher value than the unlevered company. 
They argue that if, in order to undertake the arbitrage 
operations required by the M-M analysis, the indi- 
vidual had to borrow, the total value of transactions 
would be greater than if the company provided the de- 
sired leverage. If there are sizeable transactions costs, 
in order for the net income from the two firms to be the 
same, the Jevered company must have a higher value 
than the unlevered firm. Transactions costs cannot be 
adequately analyzed in terms of the two-period model 
that they (and we) use, but even in the context of a 
two-period model, it is not clear that their point is cor- 
rect, If the individual has bonds in his portfolio, or if 
there are two companies, one with high leverage and 
one with low leverage, the individual can simply change 
his portfolio composition, 


buy on margin, using the security as col- 
lateral; and if he defaults, he only forfeits 
the security and none of his other assets. 
To see this, consider the two alternative 
policies considered in Section I; in the one 
case, the firm issues no bonds (hence no 
chance of default) and in the other it 
issues B bonds. We have shown how the 
individual by buying stock on margin in 
the latter case can exactly replicate the re- 
turns in the former situation in those 
states where the firm does not go bankrupt 
if the value of the firm is the same in the 
two situations. But if the firm goes bank- 
rupt in some state, 6’, in the one case his 
return is zero, while in the other his return 
per dollar invested is 


If, however, he can forfeit the security then 
his return will again be zero. 

Of course, if the firm has a positive prob- 
ability of going bankrupt, it will have to 
pay a higher nominal rate of interest. But 
if the individual is to use the security as 
collateral, he, too, will have to pay a 
higher nominal rate of interest. And in- 
deed, it is clear that the two will be exactly 
the same, since the pattern of returns on 
the bonds in bankruptcy will be the same. 
Thus, we have shown that 

if a firm has a positive probability of 
going bankrupt, and an individual can 
borrow using those securities as col- 
lateral (so that if his return from the 
securities is less than his borrowings, he 
can forfeit the securities) the value of 


the firm is invariant to the debt-equity 
ratio. 


It should be noted that the validity of 
this proposition does not require 100 per- 
cent margins. The required margin is only 
B/V. 

Individuals may, of course, not be able 
to make the limited liability arrangements 
or to obtain the level of margin required 
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by the above analysis. Then, a firm by 
pursuing alternative debt-equity policies 
may be able to offer patterns of returns 
which the individual cannot obtain in any 
other manner (i.e. by purchasing shares in 
one or more other firms), and the value of 
the firm may consequently vary as the 
firm changes its debt-equity ratio. In the 
following subsections, we consider some 
special situations in which M-M results 
may still be valid, even though there is a 
finite probability of bankruptcy. 


Risk Classes ` 


Tf there are a large number of firms in 
the same risk class, then potentially they 
can all supply the same pattern of returns. 
If all firms maximize their value, then in 
market equilibrium all firms will have the 
same value.” Firms may have different 
debt-equity ratios and the same value for 
a number of reasons. For instance, assume 
that some individuals, for some reason or 
other, prefer a low debt equity-ratio, and 
some prefer a high debt-equity ratio. Then, 
some firms may have a high debt-equity 
ratio, some a low one. If one firm observes 
another firm in the same risk class with a 
different debt-equity ratio but a higher 
value, it will change its debt-equity ratio. 
Thus the observation that all firms in a 
given risk class have the same value but 
possibly different debt-equity ratios can be 
taken as evidence that firms are value 
maximizers and are in market equilibrium. 
It is not necessarily evidence that the 
arbitrage activities described by Modi- 
gliani and Miller have occurred, or that 
the value of the firm would be the same at 
some debt-equity ratio other than those 
actually observed. 

Assume the market is in equilibrium, 
with V =pEX for all members of the risk 
class. The securities sold by a firm are com- 
pletely described by the risk class and the 


10 Recall that we have assumed for expositional con- 
venience that X,(@) = X; (0) for all firms in the risk class, 


debt-equity ratio. A new, small firm is 
created, belonging to the same risk class, 
with mean return X. If it chooses a debt- 
equity ratio used by other firms in the 
same risk class, the price of its shares must 
be the same as those of the other firms 
(since they are identical) so its value will 
be Xp. But, if it chooses some other debt- 
equity ratio, its value may be lower (if, for 
instance, there is a positive probability of 
bankruptcy). 


Mean-Variance Analysis and the Separa- 
tion Theorem 


In this subsection we consider the 
special case where all individuals evaluate 
alternative income patterns in terms of 
their mean and variance. For simplicty, let 
us assume that only the first firm issues 
enough bonds to go bankrupt. If all indi- 
viduals agree on the probability distribu- 
tion of returns for each firm, it can be 
shown that the 


... total market value of any stock in 
equilibrium is equal to the capitalisation 
at the risk-free interest rate r*, of the 
certainty equivalent... of its uncertain 
aggregate dollar return; ...the differ- 
ence... between the expected value of 
these returns and their certainty equi- 
valent is proportional for each company 
to tts aggregate risk represented by the 
sum of the variance of these returns and 
- their total covariance with those of all 
other stocks, and the factor of propor- 
tionality is the seme for all companies 
` in the market. [11, pp. 26-27]. 


' This implies that 
(10) E+ B: = 
{r-r È eou- Xo (x, xh /* 
i=2,...,0 
1 This also may occur with taxes if interest payments 


are tax deductible and if capital gains are treated 
preferentially. See [8]. 
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(11) Ay = 
{Z~# Le -2) (x, Xp} jr 
(12) B= 


{FB —k 3 Elf — P) B(X; — Xə} Ir 


where & is the expections operator, 
Z= max(X1 x fBı, 0), 8Z = Z, 
&X;=X%;, &=F, 


and 
r( D(X: — F) 
F 


DL &(X; — X)(X; — z»). 


Then adding Bı and Æ, ((11) and (12)), 
we obtain 


W=A+ B= fZ- 8% — Hy 
j=l 


-x}/” 


independent of the debt-equity ratio. 
The intuitive reason for this should be 
- clear: it is well-known that if all individ- 
uals agree on the probability distribution 
of the risky assets, if there exists a safe 
asset, and if individuals evaluate income 
patterns in terms of mean and variance, 
the ratio in which different risky assets are 
purchased will be the same for all indi- 
viduals, i.e. all the relevant market oppor- 
tunities can be provided by the safe asset 
and a single mutual fund which (in market 
equilibrium) will contain all the risky 
assets, including the risky bonds. More 
generally, whenever the ratio in which 
different risky assets are purchased is the 
same for all individuals, then the M-M 
theorem will be true even with bank- 
ruptcy. For a complete discussion of the 


conditions under which the separation 


` theorem obtains, see Cass and Stiglitz [4]. 


If, however, (a) all individuals do not 
agree on the probability distribution of X, 


(8) or, (b) the conditions under which the 


separation theorem is valid do not obtain, 
then the value of the firm will in general 
depend on the debt-equity ratio.” 


Arrow-Debreu Securities 


Arrow [1] and Debreu [5] have formu- 
lated a model of general equilibrium under 
uncertainty in which individuals can buy 
and sell promises to pay if a given state of 
the world occurs. See also Hirshleifer [10]. 
A stock market security and a bond can 
be viewed as a bundle of these Arrow- 
Debreu securities. If there is a sufficient 
number of different firms, equal to or - 
greater than the number of states of na- 


™ For then, issuing a risky bond (a high debt-equity 
ratio) changes the relevant market opportunities avail- 
able to the individual. For the M-M result to be valid, 
the debt-equity ratio can have no real effects on the 
economy. But it is easy to show that the assumptions 
(a) marginal utility of income in each state of nature 
is independent of the debt-equity ratio, and (b) the 
value of the firm is independent of the debt-equity 
ratio are in general inconsistent with the first order 
conditions for expected utility maximization being 
satisfied by all individuals (if bankruptcy may occur), 
To see this, observe that if an mdividual chooses his 
portfolio to maximize 6U(Y(6)), where U’’<0, then a 
necessary and sufficient condition for the optimal al- 
location (assuming short sales are allowed) may be 
written §U'e;=&U'r*, or from (2), BUBB 


&U'r*= E; where $ is defined as the set of states of 
nature for which X,(6)>/;B;, Assume U’(Y(6)) is in- 
variant for all @ and for all individuals to the j* firm’s 
debt-equity ratio. Then, 
f; ( d ln a) 

{1 g . 

r* F d In B; gu U4; 

and if the value of the firm is to be unchanged, dE;/dB, 
= —1, But unless all individuals have identical utility 
functions and identical assessments of the probability 
of bankruptcy (GU"/80 will differ for different indi- 





dE;/dB; = 


viduals, so dE;/dB;= —1 only if marginal utilities in 
some states of nature change for some individuals. 

It should be observed that when the actions of a firm 
can change the opportunity set, there is no reason that 
firms necessarily will maximize market value. 
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ture, then the market opportunities avail- 
able to the individual (by purchasing or 
selling short different amounts of the mar- 
ket securities) are identical to those of a 
corresponding Arrow-Debreu market. If a 
promise to pay one dollar in state 0 has a 
price p*(#)," then the value of the firm’s 


equity is 
E= > (X(6) — #B)p*(6). 


If 
f= [1 — > a ao] 7 2 p*(0) 


where $= {0|X(6) >#B}, ie. the states of 
nature in which the firm does not go 
bankrupt, and 8’= {0| X(0) <#B}, then 


E = > X(@)p*@ — B 
8 


'V=E4+B= }, X00) 
8 


independent of the debt-equity ratio. 
Three observations are in order: First, 
individuals do not need to agree on the 
probability of different states of nature oc- 
curring, i.e. they may disagree on the pro- 
bability distribution of the returns to any 
firm.“ Second, if there are fewer firms than 


states of nature, whether there are as ` 


many securities as states of nature is a 
function of the debt-equity ratio. If there 
are four states of nature and two firms, 


u8 Jf there are no Arrow-Debreu securities on the 
market, #*(6) is the net cost to the individual of in- 
creasing his income in state 0 by one dollar, i.e. by 
buying and selling short different securities. If there 
are more securities than states of nature, market 
equilibrium requires that the set of market prices 
generated by considering any subset of market securities 
which span the states of nature be independent of the 
particular subset chosen. For a more thorough discus- 
sion of these problems, see [4]. 

u They must, however, not assign zero probabilities 
to different states of nature occurring. 


and if neither firm issues enough securities 
to go bankrupt, then there will only be 
three securities, but if one of the firms 
goes bankrupt, there will be four. Al- 
though the latter situation will be Pareto 
optimal (the marginal rate of substitution 
between consumption in any two states 
identical for all individuals), the value of 
the firm which goes bankrupt may be 
larger or smaller in the former situation 
than in the latter.'5 

Third, if we take literally the Arrow- 
Debreu definition of a state of nature, 
there undoubtedly will be more states of 
nature than firms. Yet, in some sense, 
most of these states are not very different 
from one another. For example, much 
of the variation in the return on stocks can 
be explained by the business cycle. If in 
any given business cycle state, the variance 
of the return were very small, and there 
were a small number of identifiable busi- 
ness cycle states, then the economy might 
look very much as if it were described by 
an Arrow-Debreu securities market.1® 


Bankruptcy and Perfect Capital Markets 


The usual criterion for a perfectly com- 
petitive market is that the price of a 
commodity or factor an individual (or 
firm) buys or sells be independent of the 
amount bought or sold and be the same for 
all individuals in the economy. On this 
basis, it has been argued that the capital 
market is imperfectly competitive: (a) asa 
firm issues more bonds the rate of interest 
it pays may go up; (b) individuals may 
have to pay a higher interest rate than 
firms, and some firms higher than others; 
(c) lending rates may differ from borrow- 
ing rates. In this section, we have, how- 
ever, considered perfectly competitive 

3 In this situation we cannot assume that firms will 
necessarily maximize market value. (See fn. 12.) 

1¢ The point is that under these conditions the in- 
dividual, by diversification of his portfolio, can essen- 
tially eliminate the variations in returns within a given 
business cycle state. 
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capital markets (with bankruptcy) in 
which all three of these would be true.” See 
also [22]. Thus the possibility of bank- 
ruptcy makes somewhat questionable the 
interpretation of much of this evidence of 
an imperfect capital market. The crucial 
fallacy lies in the implicit assumption that 
one firm’s bond is identical to another 
firm’s bond, and that bonds a firm issues 
when it has a low debt-equity ratio and 
those which it issues when it has a high 
debt-equity ratio are the same. But they 
are not. They give different patterns of re- 
turns. If there is any chance of default, a 
bond gives a variable return (i.e. is a risky 
asset). Just as there is no reason to expect 
butter and cheese, even though they are 
related commodities, to have the same 
price, so there is no reason to expect the 
nominal rate of interest where there is a 
low debt-equity ratio to be the same as 
when there is a high debt-equity ratio. 
Even the discrepancy between borrowing 
and lending rates does not imply imperfect 
capital markets, for when a person lends 
to the bank and the account is insured by 
FDIC, he can assume there is a zero prob- 
ability of bankruptcy, but when the 
bank lends back to the same individual, 
it cannot make the same assumption. 
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Lags in the Effects of Monetary Policy: 


A Statistical Investigation 


- By J. ERNEST TANNER* 


This paper is an attempt to study statis- 
tically the timing of the effects of monetary 
policy. In particular, it seeks to give an 
empirical answer to the question of when 
the money supply should be changed to 
effect predetermined changes in aggregate 
demand. This analysis requires an aggre- 
gate-dynamic model which takes explicit 
account of national income and the stock 
of money. The approach of this paper is to 
use augmented two-stage least squares to 
estimate a dynamic IS-LM model. 

Recent empirical studies provide evi- 
dence that investment responds to changes 
in the level of interest rates, but with a 
distributed lag that may be too long for 
the monetary authorities to use monetary 
policy effectively for cyclical stabilization; 
see Thomas Mayer [23], J. H. Karaken and 
Robert Solow [2], and Harry Johnson and 
John Winder [19].1 However, Donald 
Tucker [29] has recently argued that this 
assertion is not} justified. Tucker points 
out that long distributed lags in the in- 
vestment response can exist without 
causing comparable lags in the response of 


* The author is assistant professor of economics at 
the University of Western Ontario. He is deeply in- 
debted to H. I. Grossman, M. B. Schupack, R. Sato, 
V. A. Bonomo, P. Cagan, J. Fried, G. Horwich and to 
the referee for useful suggestions. All errors are the 
author’s. 

1 Following a different line of approach, Bonomo 
and Schotta [1] used spectral analysis in their study 
of the outside lag in the effects of monetary policy. 
They found that changes in the money supply tended 
to precede changes in income by only about two months. 
Unlike other studies, Bonomo and Schotta use real 
output (index of industrial production) rather than 
money national income as the series crossed against 
money. An explanation offered for the very short lag 
when compared to other studies is that prices tend to 
respond to monetary changes but only with a lag. 
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aggregate demand to changes in the money 
supply. Lags in the money demand func- 
tion act to counter the investment lags. 
The argument is that, if the demand for 
money responds to interest rates with a 
distributed lag, a change in the money 
supply will temporarily force the interest 
rate beyond its new equilibrium level in 
order to equilibrate the market for money 
balances, This initial exaggerated interest 
rate response causes a correspondingly 
exaggerated effect on the components of 
aggregate demand and, hence, national in- 
come. Tucker’s argument implies that 
despite long lags in the bulk of the invest- 
ment response, sharp changes in the 
money supply may effect sharp changes in 
the rate of interest and, so long as the 
coefficient of the short-run response of in- 
vestment to the interest rate is not zero, 
sharp short-run movements in aggregate 
demand. 

This study builds on Tucker’s analysis. 
In Section I, a general distributed lag 
form is developed and is used in the struc- 
tural equations of the dynamic macro- 
model presented in Section II. Some of the 
estimation problems are discussed in Sec- 
tion III and the empirical estimates and 
their implications of the model for mone- 
tary policy are given in Section IV. Section 
V contains some concluding observations. 


I. Development of the Distributed Lag 
Function 


It has been argued that a major short- 
coming of the popular geometric distrib- 
uted lag function developed by L. M. 
Koyck [20] is that the coefficients of the 
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lagged values are required to diminish 
steadily. Instead of using the simple geo- 
metric lag distribution, this paper employs 
a generalized form of the negative bino- 
mial lag distribution developed by Solow 
[26].? The form of the lag distribution re- 
sults from incorporating both adaptive ex- 
pectations and partial adjustment mech- 
anisms.? 

If no costs were associated with rapid 
adjustments but costs were associated 
with not being in equilibrium positions, 
unconstrained optimal quantities of in- 
_vestment, consumption, and money bal- 
ances would be demanded at all times. 
However, because there are costs in 
making asset transactions, attempted ad- 
justments to newly established optimum 
quantities will be gradual.4 The adjust- 
ment period will vary directly with the 
costs of adjustment and inversely with the 
costs associated with disequilibrium posi- 
tions. During such periods of adjustment, 
constrained optimal quantities will be 
demanded. For expositional purposes, 
consider the asset X. The partial adjust- 
ment model specifies that the current 
constrained optimal quantity demanded 
X, is related to the current unconstrained 


* The lag distribution used in this paper would be 
identical to the negative binomial lag distribution Solow 
[26] developed and used in his joint study with John 
Kareken for the Commission on Money and Credit [2], 
if the coefficient of adjustment were equal to the co- 
efficient of expectations. 

* The theoretical underpinnings of the lag distribu- 
tion follows the work of Feige [12]. 

t Consider the case for lags in the adjustment of 
money balances. A certain amount of inertia is intro- 
duced into portfolio composition due to the fact that 
“Every reconsideration of the portfolio involves the in- 
vestor in the expenditure of time and effort as well as 
of money...” Tobin (28, p. 67]. The frequency of 
portfolio review and adjustment will, therefore, depend 
upon such factors as: 1) the individual, 2) the size of 
the portfolio, 3) costs of engaging in transactions, 4) 
opportunity costs of the investor’s time, and 5) the 
magnitude of foregone income from the portfolio’s 
current composition. The upshot of all this is that many 
portfolios will not be changed to take advantage of 
minor transitory fluctuations in the explanatory vari- 
ables. 


optimal quantity X*, by a coefficient of 
adjustment (1—A)), 


Q) X= Katana K 


The current unconstrained optimal 
quantity X*, is assumed in turn to depend 
upon an expected return Z” which is the 
value of Z currently expected to prevail in 
subsequent periods: 


(2) Xl eat zh. 


We relate Zin” to observable variables by 
specifying the expectation generating 
equation: 


D 2427 2692); 


The adaptive expectations model given by 
this equation says that expectations about 
future returns are revised in proportion to 
the error associated with previous levels of 
expectations. John Muth [24] has shown 
that if the process generating the measured 
value of Z is such that the change in the 
measured value of Z is a first-order moving 
average of random deviates, then the ex- 
pectation generating function described by 
equation (3) is an optimal forecast of the 
measured value of Z. In fact, equation (3) 
not only gives the best forecast of expected 
return for the period immediately ahead, 
but it also gives the best forecast for any 
future time period. This is so because the 
forecast gives an estimate of the perma- 
nent component of Z. 

The combination of these three equa- 
tions yields the reduced form of a general 
negative binomial lag distribution: 


3 Tt is obvious from equation (4) that the partial ad- 
justment model and the adaptive expectations model 
are special cases. The partial adjustment model is the 

case where expectations are static, i.e., where 
8=0. Similarly, the adaptive expectations model occurs 
when \=0. It has been pointed out by Waud [30] that 
estimating the special case models (i.e., the adaptive 
expectations or the partial adjustment model), when 
the true model is in fact a combination of both as given 
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X, = (1 —A)(1 — 6) (a + bZ) 
+ A+ 8) Xr — Xe. 


The form of the lag distribution given by 
this equation is used in each of the esti- 
mated behavioral equations of the model. 


Il. The Aggregate Dynamic Model 


In order to give empirical content to 
Tucker’s offsetting lag hypothesis, we re- 
quire a macro-model which allows for 
dynamic adjustments in both the commod- 
ity and monetary sectors. An analysis of 
the exact effects of money supply changes 
upon aggregate expenditures and output 
requires a very large dynamic econometric 
model. Nevertheless the essential features 
of the offsetting lag hypothesis can be 
captured by a very simple dynamic form of 
the familiar IS-LM model. Therefore, the 
framework will be kept as simple as pos- 
sible within the bounds of retaining the 
basic idea of Tucker’s offsetting lag hy- 
pothesis. Consequently only two dynamic 
structural equations are employed, a pri- 
vate expenditure (the sum of consumption 
plus investment demands) function and a 
money demand function. Other variables 
such as the government spending, taxes, 
and foreign trade balance variables are 
treated as exogenous. In addition, labor 
market adjustments and capital utiliza- 
tion changes are ignored. The focus of the 
model is solely on the question of the 
timing relationship between changes in the 
money supply and changes in aggregate 
demand.* And so, the effects of money 


(4) 


in equation (4), results in a serious bias in the least 
squares estimates of the regression coefficlents. Further- 
more, the misspecification leads to an upward bias in 
the estimated lag and to a substantial increase in the 
size of the estimated standard errors relative to the 
estimated regression coefficients. 

6 The lag in the effect of monetary policy considered 
in this paper is only that part of the lag which occurs 
after the money supply is changed. Because Bryan [3] 
found that the dynamic responses of the banking sys- 
tem to policy changes of the Federal Reserve System 
are relatively short, the part of the lag occurring be- 
tween policy actions of the central bank and changes in 
the money supply are not analyzed here. 


supply changes on income are not broken 
down into changes in real output and 
changes in prices. 

The model uses a dynamic form of the 
static IS-LM framework to determine the 
timing relationship between changes in the 
money supply and changes in aggregate 
demand. This is accomplished by incor- 
porating the distributed lag relationship 
developed above into the aggregate struc- 
tural relations of the existing textbook 
type of macro-model. In addition to a pri- 
vate expenditure function and a money 
demand function, the model postulates 
two equilibrating conditions. These four 
relationships determine the endogenous 
variables: the private expenditure, money 
demand, rate of interest, and national in- 
come. Other equations are added to com- 
plete the model and to specify the exoge- 
nous variables. 


(5) X= 
(1 —A)(1 — 8) (41+ BLY — Th + Dir) 
+ (A+ B)Xi1 — MXi: 


(6) Mi= 
(1 = ya d $) (4: + B:Y + Dy) l 
+ (y t+¢)Mea— yM es 


(1) Mi =M, 


(8) Mah 

9) Y=M+atsz 
(102) G, = G, 

(1) n= 

(12) A=, 

The variables are as follows: 


X: aggregate private commodity ex- 
penditures, 
Y: national income, 
r: interest rate, 
M*: money demand, 
M’: money supply, 
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G: government expenditures, 
T: government taxes, 

E: net exports over imports, 
t: time subscript, 


@ and y are distributed lag parameters in 
the money demand function and \ and 8 
are the lag parameters of the commodity 
market where 0<), 8, Y, ¢<1. All other 
symbols are constants. 

To estimate the structural relationships 
of the model, we must decide upon the 
statistical series to best measure the ag- 
gregate variables. Consider the identity 


(13) GNP=C+I+G+E 


with consumption, gross investment, gov- 
ernment purchases, and net exports (ex- 
ports less imports) as four components. 
Because the income variable appearing 
in the money demand function (equation 
(6)) is a proxy for transactions, this def- 
inition of the income variable appears to 
be the appropriate definition. However, it 
seems more reasonable to assume that the 
income variable used to explain aggregate 
private expenditures be net national prod- 
uct less government taxes net of transfers: 


(14) NNP~T=C+IN+G—T+E 


where IY is net investment and T is gov- 
ernment taxes net of transfer payments. 
This definition of income differs from the 
widely used disposable income variable by 
including undistributed corporate profits. 
| Whether we should include undistributed 
corporate profits is an open question. Al- 
though it seems best to leave it out of the 
income variable explaining the consump- 
tion component of aggregate private ex- 
penditures in equation (5), it appears to 
strongly influence the investment com- 
ponent.’ For this reason, we include un- 


7 Numerous studies have found that internally gen- 
erated funds or profits have an observable effect on 
investment for given levels of output, capital stock, 
and interst rate. References to and major conclusions of 
empirical investment studies are made in Edwin Kuh 
[21]. 


distributed corpõrate profits in our in- 
come series which is used to explain aggre- 
gate private expenditures. However, the 
income series we actually use is C+-I-+G— 
T+£ rather than C+J¥+G—T+E£. We 
use gross investment rather than net in- 
vestment because the data on capital 
depreciation are poor and because both 
series probably move rather closely over 
the sample period, 1947 through 1967. 

The answer to the question as to which 
series should be used to represent the stock 
of money is not clear. In fact, recent re- 
search using different monetary series has 
not arrived at a theoretically or empirically 
best series. However, since we seek appro- 
priate monetary policy to stabilize aggre- 
gate economic activity, we shall use the 
monetary series consisting of only demand 
deposits and currency. These assets repre- 
sent not only the means of payment but 
they also bear the first effects of the Fed- 
eral Reserve System’s policy. For these 
reasons, the narrow definition of money is 
used. 

The series used as a proxy for the theoret- 
ical interest rate variable is also arbitrary. 
However, it should be a series with con- 
siderable variation which moves in sub- 
stantial uniformity with the structure of 
interest rates. The particular series chosen 
is the bankers’ acceptances prime ninety 
day rate.® 

In estimating the model, we assume that 
the authorities are able to control the 
money supply and it is determined exog- 
enously.? We further assume that the 


t Because Keynesian economics links a long term 
interest rate to investment and income through the de- 
mand for and supply of money, some researchers favor 
a long-term interest rate on bonds to be used in macro- 
models. However, in the present case, since an expecta- 
tions model is used, the expected short rate at a point 
in time can be thought of as a current long term interest 
rate. 

® The money supply is not truly an exogenous vari- 
able and, to this extent, our regression estimates may 
not be consistent. However, since our purpose is not te 
build a model determining the supply of money, stch 
an assumption is convenient if not entirely correct. 
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government and foreign sectors are exog- 
enous. Thus, our model determines the 
rate of interest, the level of national in- 
come, money demand and aggregate pri- 
vate expenditures as endogenous variables. 


Ill. Estimation Problems and Procedure 


Previous empirical studies dealing with 
the lag in the effect of monetary policy 
have employed single equation models. Be- 
cause such relationships ignored all other 
sectors of the economy, they suffer from 
single equation biases. In contrast, the 
present model contains two sectors and the 
estimation procedure uses two-stage least 
squares in order to take explicit account of 
the interrelation between the commodity 
and money markets. In the two-stage least 
squares procedure, the values of the inter- 
est rate and income (endogenous variables 
used as explanatory variables in the 
second stage) used for estimating the two 
behavioral relationships are the predicted 
values obtained by regressing these vari- 
ables on the model’s predetermined vari- 
ables.1° 

The variables which can be legitimately 
called predetermined variables differ de- 
pending upon the assumptions made. If no 
autocorrelation is assumed in the error 
term U, of the commodity demand equa- 
tion, 


6) X= | 
(1 — A) — 8) (41 + Bi [Y — Th+ Dir) 
+A+ AX — MX t Ue 


we will obtain consistent estimates in the 
second stage if we treat Xi. and Xs in 
the first stage as predetermined." How- 


10 In the method of augmented two-stage least squares, 
the first stage predetermined variables used for ob- 
taining the predicted values of the endogenous explana- 
tory variables include only the model’s exogenous vari- 
ables M, Mia, Mes, Er and G-T,. We do not treat 
X and X2 as predetermined because we make no 
assumption about randomness in the error term of the 
commodity demand equation. Ses fnn. 11 and 12. 

1 In equation (5), observe that current aggregate 


ever it is very unlikely for U, to be serially 
uncorrelated# and because no statistic 
exists which can be used uncritically to test 
for the presence of serial correlation in the 
residuals of relationships containing lagged 
endogenous variables," the model is esti- 
mated using the method of augmented 
least squares which yields consistent esti- 
mates of the parameters without placing 
the restriction of randomness on the dis- 
tribution of U," 


private demand values are influenced by current dis- 
turbances so that lagged private demand values are 
influenced by lagged disturbances. If U, is not corre- 
lated with its own past values, then the covariance of 
the elements of the lagged expenditure values and the 
current values of the error term are a sum of elements 
each of which involves the covariance of U, with either 
past exogenous variables or with past disturbances. All 
such terms are zero in the probability limit. Hence, if 
U, is not autocorrelated, consistent estimates will be 
obtained by simply treating X¢_1 and X+- as exogenous 
in the estimation procedure. 

1 Consider a simplified form of equation (5’) where 
the unconstrained optimal value of X depends upon 
only the expected values of Y plus an error term. ' 


(5a) Xf m a + bY + Ve 


f 
Let (1—6) and (1—A) be the coefficient of expecta- 
tions and the coefficient of adjustment respectively. 
In terms of observable variables, (5a) becomes 


X: = (1 — A)(1 — B) (a + bY) ++) Xe 
— MXi + (1 Na + BY]. 


For the error term of (5b) not to be serially correlated, 
then the error term of (Sa) must be autocorrelated with 
the form 


(Sc) Vy = BVert WM 


where W+ is a truly random disturbance. If the error 
term does not follow this first-order Markov scheme, 
then the application of ordinary two-stage least squares, 
where Xi: and Xss are treated as predetermined in 
the first stage, will not yield consistent estimates of the 
parameters. 

3 The Durbin-Watson statistic does not warn us of 
possible autocorrelation in the commodity demand 
equation. The statistic is biased towards 2 (the value 
it should have if no serial correlation is In fact present) 
when the estimated relationships contain 
endogenous variables. See Nerlove and Wallis [25]. 

“ See Feldstein [13] for a proof of the consistency of 
augmented least squares. 

Suppose we wish to estimate the following correctly 
specified relationships: 


(S'a) Xi = Bo + BY + BX +r 
and 


(5b) 
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IV. The Empirical Results 
1. The Estimates 


Using quarterly data from the United 
States for the period 1947 through 1967, 
the augmented two-stage least squares es- 
timation procedure yielded the following 
structural equations: 


X, = — 11.661 — 8.2708, 


(4.01) 
+ 0.315[ YA, + 1.227X 
(4.13) (13.66) 
15 A 
3) — 0.510X, + 0.493 Ô, 
(5.63) (6.16) 
— 0.300; R= .999 
(4.39) F = 10681 .756 
M, = 19.411 + 0.042 P, — 1.670% 
(10.98) (8.84) 
; +1.311My_1 — 0.491 M2 
(16) (19.74) (7.76) 
R= 0.999 
F = 29154.261 


Ve 2 Vij + Ws 
fo 


where Ws is serially independent, Y, is exogenously 
given, and observations on V, are available. The co- 
efficients of (S'a) can be consistently estimated by ordi- 
nary least squares. 

In the present situation, the time-series FV, is a series 
of unobserved disturbance terms. In the method of 
augmented least squares, we first obtain a consistent 
series for Vi: 


(5’b) Ve = Xe — bo — bYe — by Xei 


where the 5’s are consistent estimates of the B’s. The 
instrumental variable method (replace Xy.1 by the 
predicted value obtained by regressing X on F, and 
the instrumental variable Vy: when estimating (5’b) 
provides consistent coefficient estimates of the b’s (see 
Liviatan [22] allowing the residual series Ñ, to be 
used in place of V, in (5’a). Consistent estimates of the 
distributed lag relationship are, then, obtained by 
applying ordinary least squares to the transformed 
version of (5a). 

2 The exact data used and method of estimation 
are available from the author upon request. 


The values of the Student’s Hstatistic (the 
absolute value of the ratio of the regression 
coefficient to its standard error) are given 
directly below the regression coefficients. 

All the estimated coefficients are of the 
desired sign (i.e., positive for income, nega- 
tive for the rate of interest and alternating 
for lagged variables) and significantly dif- 
ferent from zero at the 5 percent level. 
The R and F values are exceedingly high 
implying the overall fit of the model to 
the data is good and the explained vari- 
ance of the dependent variables are far 
greater than might be accounted for by 
chance. But, as is well-known, the lagged 
variables in each equation contribute to 
these high R and F statistics. 


2. Implied Time Paths of the Money Supply 
and Interest Rate 


In order to use these estimated struc- 
tural equations to give an answer to the 
question of the lag in the effects of mone- 
tary policy, we combine the equations of 
the model (eliminating income and the 
interest rate) to derive an explicit expres- 
sion relating private expenditures to the 
money supply. 

7 M, = A+ BX, — CX + DXi 
ao + (y+ p)Me — YAM 


where 


A=(1 ~y) — 4) [ 4: + BG; + Bik 


_ Dit = (1 = 9) 
Did — AU- 2) 


Jı —(1—A)(1—2) (2, 3 =) 


= DA m y(i B $) 
Dit — 81 — X) 





(8 +2) 
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_ Dit = Yt - 8) 
Di(i — 8)(1 — ») 
The explicit solution of equation (17) re- 
quires that we specify an initial value for 
M and a complete time path for X. We 
seek the required behavior of the money 
supply over time on its path to the new 
equilibrium to effect a once and for all 
desired change in aggregate expenditures. 
The special solution in which the money 
supply is at equilibrium before income is to 
change and is allowed to reach its new 
equilibrium after effecting the change in 
income is not very useful for illuminating 
an answer to our basic question. It is the 
behavior of the required changes in the 
money supply over time which is useful to 
us, not the new static equilibrium level. 
The question we want to answer is this: 
Given that in some future time period we 
desire income to change from what it 
would have been in the absence of discre- 
tionary monetary policy, how would the 
path of the money supply differ over time 
in order to effect this desired income 
change? In other terms, how will the 
money supply be required to change over 
time from what otherwise would have pre- 
vailed to effect the desired predetermined 
change in income? 

In analyzing the dynamic behavior of 
the money supply, we are more interested 
in the path it follows to equilibrium than 
in the absolute magnitude of individual 
changes. Therefore, we shall express the 
change in the money supply from what it 
otherwise would have followed in any time 
period as a proportion of the equilibrium 
change in the money supply: 

M: — Mo 

Ms — Mo 
where M, is the required money supply in 
period t, My is the equilibrium money 
supply, and Me is the path the money 
supply would otherwise have followed in 


aB 


the absence of discretionary policy. Alter- 
natively, we assume that we desire a once 
and for all increase in income of AX oc- 
curring at time t=1. This higher level of 
income will be maintained indefinitely into 
the future. By setting i 


Xi — Xo = Xi — Xo 
= Xy- X= 
M, — Mo = Mei — Mo 

= Mea — My = AM, 


we calculate the equilibrium change in the 
money supply to be! 


AX and 


B=C+D 
(i-7) (1-4) 


As a proportion of the equilibrium change, 
the money supply in the first period is 


M, -Mo BAU- HU- 4) 


(18) Ms — Ma = AM = 


a9): = 
Ms — Mo B-C+D 
Similarly, the money supply in period 
two, ... in period n is:!” 


18 By change in the money supply in any time period, 
we mean the difference between the required money 
supply to effect the desired time path of income and 
what the money supply would otherwise have been, 
Therefore, the equilibrium change in the money supply 
refers to the difference between the equilibrium required 
stock of money and what would have prevailed in the 
absence of discretionary policy and does not refer to a 
continuing change in the money supply. 

1! This paper deals solely with the suitability of 
monetary policy for cyclical stabilizing requirements. 
Thus the dynamic properties of the model are applicable 
only to short-run analysis. However, for those inter- 
ested in the model’s long-run growth properties, we can 
use equation (17) to obtain the money/income steady 
state solution. Assume that the money supply and in- 
come grow at rate a, then we obtain 


i A 
Fag Ae Coa Err rer 
[B — C +a) + Di + a)!] 
1— (¥ +9) +e) +700 +a)? 


Tf the exogenous balances (Le., the government and the 
international balance) are constant, the first term goes 
to zero when a>0, and the steady state solution is 
simply 


(17) 
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Gaye 
McM: Y F ZM. 
(20) 
4, B-OU—nd=4) 
B—-C+D 
M.— Mo 
Foor! 
My +O roli —My -1| 
(21) 
YH MiM, 
for n=3, 4, 5,.... 


Substitute the estimated values of the 
parameters'®.1 


By = 1.113 B= 0.233 
D, = —29.223 Dı = —9.277 
A+B= 1.227 ytou 1311 
w= 0.510 yọ = 0.491 


into equations (19) through (21). This 
gives the time path to equilibrium of the 
money supply which is required to effect 
the permanent desired increase in income 
in period one. The time path of the money 
supply is plotted in Figure 1, Part A. 


B — Ci +a) + D +a)? : 
1— (y +All + @) trell + a)? 


Employing the empirical estimates and making the 
assumption of a 5 percent growth rate, the steady state 
money-income ratio is about 0.21. On the other hand, 
if the exogenous balances grow at the rate a, the steady 
state solution is as given in equation (17%. 

18 This estimate of the marginal propensity to spend 
(B,=1.113) implies an infmite multiplier. In actual 
fact, it is unlikely that this would cause the system to 
be unstable in the sense of a true growth model, In the 
cage of the type of model used in this paper, making 
imports and taxes endogenous would probably make 
the model stable. In the paper by Chow [7] where taxes 
are treated as endogenous, the tax rate for the period 
from 1943 to 1963 is estimated to be 0.21. This tax 
tate would imply a multiplier of 8.28. 

Fesrargrencnt 
1— 1113 (1 — 0.21)" 

i The point estimates of the lag coefficients give 
imaginary solutions to A, 8, y, and ¢. However, the con- 
fidence intervals are such that they contain real solu- 
tions for the parameters. 





Frovre 1 


As the figure shows, the implied lag in 
monetary policy is extremely short. In fact, 
the impact effect of a change in the 
money supply is about equal to the long- 
run effect. The initial change in the money 
supply is over 95 percent of the required 
long-run equilibrium change. In the second 
period, the money supply is required to 
fall below equilibrium and it continues 
falling until period three when it is about 
80 percent of the long-run value. In later 
periods, the money supply approaches 
equilibrium asymptotically. 

The mechanism through which this be- 
havior of the money supply will effect a 
once and for all permanent change in 
aggregate demand is the interest rate. The 
striking thing about the time path of the 
interest rate (diagrammed as Part B, 
Figure 1) is its behavior in the first two 
periods. Its movement mirrors neither the 
time path of the money supply nor the 
time path of aggregate demand. Because 
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of the long distributed lag in the money 
demand function, the interest rate vio- 
lently overshoots its new equilibrium in 
period one. In the second period, the inter- 
est rate reverses direction with sufficient 
briskness to cause it again to overshoot 
equilibrium.” However, after the second 
period’s reaction, the interest rate quickly 
converges to equilibrium. It is this vigor- 
ous overshooting in the interest rate which 
causes the sharp, but permanent, change 
in aggregate demand. The changes in the 
interest rate affect the new level of aggre- 
gate demand through their effects on the 
investment component of aggregate pri- 
vate demand. Because investment re- 
sponds with a distributed lag, and not a 
discrete lag, investment does depend (at 
least partially) upon the current rate of 
interest and, thus, sufficiently large 
changes in the interest rate are able to 
effect any predetermined change in invest- 
ment.?? However, the violent swings in the 


1 The same kind of interest rate behavior has re- 
cently been found by Cagan and Gandolfi [6]. They 
offer two reasons why the initial decline in the interest 
rate resulting from an increase in the money supply will 
reverse itself and be carried beyond the new higher 
equilibrium level. They argue that: (1) because of a 
lagged response of income to money supply changes, 
income must grow faster than money to make up for 
the initial lag and, thus, produce overshooting; and (2) 
an increase in the growth rate of the money supply 
will lead to a higher rate of price change which will lead 
to higher nominal interest rates to compensate for the 
depreciation in the real value of fixed-dollar assets. 

u Jt should be noted that the equilibrium relation- 
ship between changes in the interest rate and changes 
in the money supply which is implied by the regression 
coefficients is positive. Although there is a negative 
association between concurrent changes in the money 
supply and interest rate, this concurrent effect is soon 
offset and becomes a positive relationship in equilibrium. 
The same phenomenon has also been found by Cagan 
[5], Cagan and Gandolfi [6], Gibson [15] and Gibson 
and Kaufman [16]. Gibson and Kaufman write “. . . the 
negative influence of money (on interest rates) fades 
away after only three months... (and this explains 
the) .. . surprising statements of some economists that 
high interest rates reflect easy monetary policy and low 
interest rates tight policy...” [16, p. 478]. 

#3 This analysis assumes that the magnitude of the 
effects on investment are proportional to the absolute 
changes in the interest rate regardleas of the absolute 


interest rate may not be practical for the 
monetary authorities. To those who feel 
the authorities should provide a stable and 
predictable financial environment as given 
by a relatively constant interest rate, an 
initial downward movement of 83 basis 
points of the interest rate to effect an im- 
mediate $10 billions increase in aggregate 
demand followed one quarter later by an 
even larger upward movement of the in- 
terest rate may be unacceptable. Never- 
theless, if the full effects of a change in the 
money supply are to be felt almost im- 
mediately, the model requires these extraor- 
dinary swings in the interest rate. 


size of these changes. In other words, we assume that 
if a & percent decrease in the interest rate immediately 
raises aggregate demand by $ billions, than a 100 $ 
percent decrease in the interest rate will immediately 
raise aggregate demand by $100 #: billions. To the extent 
that this assumption is false, reasonable changes in the 
interest rate may not be able to induce the desired 
short-run movements in aggregate demand. However, 
this does not require that monetary policy works slowly. ` 
Rather, it implies only that the magnitude of the short- 
run effects of monetary policy may be limited. 





FIGURE 2 





TANNER: EFFECTS OF MONETARY POLICY 803 


TABLE 1—REQURED INTEREST Rate Time PATAS as 
EXPRESSED IN Basis POINTS FROM INITIAL VALUE 
FOR A $10 BILLIONS INCREASE IN AGGREGATE 
DEMAND EFFECTED THROUGH 
MONETARY POLICY 








Effected in one Quarter Pitected in one Year 





($2.5 billions per quarter) 

ra=0.0 ro=0.0 

n= — 82.8 n=—20.7 

r= +65.5 rg= —4.3 

rg +387 fgy=—3.3 

r= +387 n=—2.4 
re=4-3.87 fp 434.7 

ra= +3. 87 =rg= tg=+3,87 





However, if the desired change in aggre- 
gate demand is allowed to occur over a 
- year, rather than one quarter, then the 
quarter to quarter changes in the money 
supply and interest rate are no more than, 
and frequently less than, a quarter of the 
required changes when income must make 
the permanent change in three months. 
The time paths to equilibrium of the 
money supply and interest rate for four 
equal increments in income occurring in 
four successive three months’ periods are 
diagrammed in Figure 2. As this figure 
shows, the time paths of the money supply 
and interest rate are much smoother and, 
therefore, more acceptable than the time 
paths diagrammed in Figure 1. For com- 
parison, the actual time paths of the inter- 
est rate required to effect a permanent in- 
crease in aggregate demand by $10 billions 
for the two policies are given in Table 1. 


V. Summary and Concluding 
Observations 


This paper has attempted to provide 
empirical evidence on the timing of the 
effects of monetary policy. This was done 
by estimating a distributed lag dynamic 
macro-model which also allows the tracing 
out of the time path of the money supply 
required to effect a permanent change in 
national income. The macro-model used 
incorporated a general negative binomial 


lag relationship into the behavioral equa- 
tions of the existing static Keynesian na- 
tional income model. By combining aug- 
mented and two-stage least squares in 
estimating the structural relationships of 
the model, we attempted to eliminate many 
of the deficiencies of past research con- 
cerned with the timing of the effects of 
monetary policy. The employment of a 
multiple equation model and the estima- 
tion procedure used not only gives consis- 
tent estimates of each parameter but also 
takes account of the offsetting lags in the 
economy. 

Recent empirical studies of the lag 
placed much emphasis on the lag in the in- 
vestment function. The attention focused 
on this lag was based upon the belief that 
the lag in the effect of monetary policy was 
at least as long as the investment lag. How- 
ever, as Tucker points out, substantial lags 
in the money demand function can par- 
tially or wholely negate the investment 
lag. Indeed, this paper, which also finds 
rather long lags in the investment function, 
finds that the bulk of the effects on aggre- 
gate demand of monetary policy can occur 
within three to six months of the change in 
the money supply. This conclusion is in 
contrast to earlier studies which found 
the short-run effects to be small relative to 
the long-run effects; so small in fact that 
active anticyclical monetary policy, with 
its heavy emphasis on short-run adjust- 
ments, is likely to be ineffective in achiev- 
ing its objectives. The findings of this 
paper cast serious doubt on the conclusion 
that anticyclical monetary policy must be 
abandoned, entrusting the objective of 
short-run stability to the other instru- 
ments of economic policy such as fiscal 
policy or direct controls of one kind or an- 
other. In fact, the evidence suggests that 
the impact effect of a change in the money 
supply is of about the same magnitude as 
the long-run effect. To the extent that this 
conclusion is true, monetary policy is ideal 
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for and consistent with short-run stabiliza- 
tion requirements. 

However, some qualifications on these 
conclusions must be made. First, as it has 
already been pointed out, although mone- 
tary policy probably works quickly, it may 
not be able to induce short-run changes in 
income of very large magnitudes. To the 
extent that the size of the effects may be 
limited in the short run, other cyclical 
stabilization policies, in addition to mone- 
tary policy, are required. The second 
limitation is the point that no adjustment 
was made for the fact that many specifica- 
tions were tried before settling on this 
one.” As is well-known, this procedure in- 
duces an upward bias in the significance 
tests in comparison to the significance 
levels relevant under traditional assump- 
tions. For simplicity, this study has not 
taken explicit account of either the foreign 
or government sector. Furthermore, it is 
incapable of indicating either how the 
money supply is changed or the exact 
channels through which monetary policy 
works. Because of these limitations, the 
present model is too simple to be used for 
exact policy decisions. However, the model 
does indicate that monetary policy does 
appear to work quickly enough for cyclical 
stabilization requirements and there 
should be little hesitation in applying 
monetary policy to this end. 
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An Empirical Investigation of the. 
Wage-Lag Hypothesis 


By Tuomas F., Carcr1* 


This paper reports the results of a 
statistical examination of the wage-lag hy- 
pothesis. Despite some questioning, the 
hypothesis that wages lag behind price 
changes by a significant amount has been 
given wide support in economic analysis.! 
This point is clearly illustrated by Clark 
Warburton in a footnote to a discussion of 
why wages should lag behind changes in 
the price level: “. . . Specific references to 
this aspect of price theory prior to World 
War I are hardly necessary, since it was so 
universally accepted” [29, p. 208]. 

Several important empirical studies 
have been offered in support of the hy- 
pothesis. Most of these have employed 


* The author is assistant professor of economics at 
Purdue University. He especially thanks Thomas 
Mayer for valuable assistance in the preparation of this 
paper and Charles Schotta for initially arousing an 
interest in this area of research. In addition, comments 
from Leon Borgman, Bruce Glassburner, Gordon 
Rausser, and T. Y. Shen are appreciated. Financial 
support is acknowledged from the Ford Foundation 
and UCD computer center. The paper was written 
while the author was lecturer in economics at the Uni- 
versity of California, Davis and is an extension of work 
in an unpublished dissertation. The author is responsi- 
ble for remaining errors. 

1 The most important criticisms of both the hypothe- 
sis and the studies used to support it were made by A. A. 
Alchian and R. Kessel [2] and D. Felix [9]. Alchian and 
Kessel also provided a statistical test of the wage-lag 
hypothesis using correlation analysis for the period 
from 1940 to 1952 in the United States. The results of 
the test were unfavorable. While these criticisms repre- 
sent a formidable attack on the concept, it is the con- 
tention of this study that they do not strike at the core 
of the hypothesis. This is the assumed time relation- 
ship on which the concept stands or falls. The emphasis 
of these authors is that a wage lag can be accounted for 
by real forces, and the result of the statistical test by 
Alchian and Kessel does not directly test for the exis- 
tence of a stable time relationship between prices and 
wages. 


graphical analysis of historical time series 
of prices and money wages, the objective 
being to determine which series reached a 
turning point first. A smaller number of 
studies used regression analysis but have 
generally been confined to shorter periods 
of time. Among the most important stud- 
ies are the following: E. J. Hamilton in- 
vestigated the relationship between prices, 
money wages, and industrial development 
in Spain [15] [16] [17] from 1351 to 1800, 
in London [13] from 1751 to 1800, and in 
England [14] from 1500 to 1702. Alvin 
Hansen [18], W. C. Mitchell [22] [23], 


Eugene Lerner [20], and R. S. Tucker 


[26] [27] have examined the relationship 
between prices and money wages for var- 
ious periods in the United States. C. 
Bresciani-Turroni [7] studied the inflation- 
ary period in Germany after World War I. 
All of these investigators used graphical 
analysis. R. J. Bhatia [4] examined the re- 
lationship between wages and profits for 
the United States during the period from 
1935 to 1959 using regression analysis and 
interpreted his results to imply the ex- 
istence of a wage lag. 


I. Approach to Determine the Empirical 
Validity of the Wage-Lag Hypothesis 

The objective of this study is to test the 
empirical validity of the assumed time re- 
lationship between consumer prices and 
money wages over long periods of time in 
the United States and England in an at- 
tempt to resolve some of the controversy 
created by A. Alchian and R. Kessel: “ ... 
In general, it appears that unwarranted 
validity has been assigned to the wage-lag 
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hypothesis, given the character of the 
evidence that has been used to support it. 
A rereading of this evidence suggests that 
the wage-lag hypothesis ought to be re- 
garded as essentially untested” [2, p. 64]. 
Alchian and Kessel reached this conclusion 
after an extensive examination of the most 
important empirical studies. 

The co-movements between prices and 
wages are analyzed by the application of 
spectral methods which should provide 
some meaningful evidence on the em- 
pirical value of the hypothesis. Simple re- 
gression and visual graphic comparison be- 
tween prices and wages are not as well 
suited for this purpose. In the case of re- 
gression, data limitations prevent the test- 
ing of models with several independent 
variables, and only a limited number of lag 
structures can be specified. The more fre- 
quently used method of graphical analysis 
lacks statistical reliability when the only 
procedure involves the graphing of price 
and wage series without adjustment for 
trend and only looking at turning points. 

: The theory of spectral methods and the 
estimation procedures will not be re- 
viewed here since they are amply described 
in other places, [3] [6] [10] [12] [19]; how- 
ever, there are some basic concepts needing 
emphasis to interpret the results of this 
paper. The objective of the spectral ap- 
proach is to decompose a time-series into 
frequency components and determine the 
contribution of each component to the 
total variance of a series. This is simply a 
rigorous extension of the traditional de- 
composition of a time-series into trend, 
cycles, seasonals, and erratic movement, or 
long run and short run. To investigate the 
relationship between two time-series, such 
as prices and wages, the cross-spectral 
statistics of coherence, phase, and tau are 
necessary. Coherence indicates the linear 
association between the price and wage 
series at the same frequency component 
and is interpreted in the same manner as 


R? the coefficient of determination. Phase 
is the angular measure of the shift on the 


time axis of one series relative to another 


series which maximizes coherence at that 
frequency. This measure records the lead 
or lag of;the price series over the wage 
series. As a matter of interpretation, when 
phase is positive, the price series leads the 
wage series at this frequency; otherwise, 
the wage series leads. Through the use of 
the phase statistic, it is possible to derive 
the calendar time shift of the series by 
computing tau. Tau is equal to the phase 
shift divided by 2zxfo, where fo is the fre- 
quency in terms of the real time units of 
the data.? 


L. The Data 


The wage-lag hypothesis has been ac- 
cepted almost as an article of faith by 
economists and, as such, should hold true 
for more than several cases. With this in 
mind, a total of five sets of consumer 
prices and money wage series are analyzed. 
There are three sets of yearly time-series 
for the United States covering the periods 
1791-1932, 1820-1965, and 1860-1965. 
While there is overlapping, there are dif- 
ferences in each of the three sets of data. 
For example, the money wage series for 
the period 1791-1932 is based on both 
daily and weekly wage rates comprising 
factory earnings, farm wages, building 
wages, teachers’ salaries, etc. The wage 
series for 1820-1965 is almost entirely 
based on weekly earnings, whereas the 
series for the period 1860-1965 is for hourly 
rates of pay exclusively. These two wage 
series primarily represent returns to 
workers in manufacturing pursuits. There 
are also differences in the price series. 

The two sets of data for England cover a 


2 For a recent application of spectral methods em- 
ploying the three cross-spectral statistics as well as the 
auto-spectrum, see the study by Thomas J. Sargent 
(24). 

* See Appendir. 
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longer period of time than those for the 
United States. The first set of prices and 
wages includes a fairly broad category of 
workers living in London for the period 
1729-1935. Economic historians have al- 
ways considered London as the center of 
economic activity in England. The second 
represents the daily wages received and 
prices paid by members of the building 
trades in southern England covering the 
period 1806-1954, The fact that only build- 
ing trades are included does not reduce the 
importance of the empirical results. First, 
most wage series for England covering long 
periods of time are usually forced by lack 
of data to depend heavily on wages paid to 
builders. Second, for many centuries build- 
ing workmen constituted a major portion 
of the labor market. 

It is well recognized that each of these 
historical time-series is subject to the us- 
ual criticisms; however, given the quan- 
tity and quality of data, they represent the 
only available material for an empirical 
investigation of the wage-lag hypothesis 
over long periods of time. There is, though, 
one problem that can be partially taken 
into account. In each case, these sets 
cover a lengthy period of time during 
which both the United States and England 
experienced important structural changes. 
To make some allowance for this, each set 
of data is divided into two subperiods, 
- thus resulting in a total of 15 cases to test 
for the existence of a stable lag of wages 
behind consumer prices. 


IL. Empirical Results 


The spectral method requires the time 
series to be stationary or essentially trend 
free. To eliminate the influence of trend 
characteristic of historical time-series, the 
spectral results are based on residuals from 
a log-linear regression.‘ Each set of data 


“To insure that the results are not appreciably 
affected by the trend removal method, the data were 


and its subperiods is then decomposed into 
frequency components using the Black- 
man-Tukey covariance-cosine transfor- 
mation procedures with the Parzen lag 
window. The number of lags is 20 for each 
of the five sets of data and 15 for the sub- 
periods. These allow for an adequate 
opportunity to determine the timing rela- 
tionship and at the same time maintain a 
satisfactory level of degrees of freedom. 
Several other maximal lags were used with 
no change in the empirical results. 

Tables 1-5 in the Appendix record the 
cross-spectral statistics of coherence, phase, 
and tau. These three statistics provide in- 
formation to estimate the degree of asso- 
ciation and the timing relationships be- 
tween consumer prices and money wages. 
In the following discussion of these statis- 
tics, a convenient distinction is often made 
between long run (frequencies with periods | 
greater than four years) and short run 
(frequencies with periods less than four 
years). While there is a certain amount of 
arbitrariness in this division, it will serve as 
a useful framework for discussion. More- 
over it points up one of the chief ad- 
vantages of the spectral approach, namely 
the examination of a relationship between 
time-series throughout a wide range of fre- 
quencies. 

The coherence values indicate some inter- 
esting results. For the United States, 
there is a fairly moderate association be- 
tween prices and wages in the longer run 
frequencies which is reduced in the shorter 
run frequencies. The coherence values for 
the data in England also illustrate this 
pattern; however, the wage and price 
series for two periods in London and one 
period in southern England have very low 
coherence values throughout the estimated 
frequency bands. 

The coherence values not only indicate 





also analyzed as percentage rates of change and first 
differences. There was no change in the conclusions of 
this paper. 
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the degree of linear association between 
prices and wages at each frequency com- 
ponent, but are also an inverse index of 
the variance of the phase angle estimate. 
Phase estimates associated with low coher- 
ence values have little meaning; therefore, 
only those estimates of phase are con- 
sidered where the hypothesis that the true 
coherence is zero can be rejected at the 95 
percent level. At these significant coherence 
values, only the phase estimates are con- 
sidered where the hypothesis that the true 
phase is zero can be rejected at the 95 per- 
cent level; otherwise, it is assumed that 
there is no significant difference in the 
timing of prices and wages.’ 

For the United States, the low frequency 
components of the long run have almost 
all significant coherence values, but the 
majority of the phase estimates are not 
significantly different from zero. The first 
set of data in Table 1 indicates a wage lag 
for most of the long-run frequency com- 
ponents during the period 1791-1932 and 
one subperiod 1860-1932, while the other 
subperiod shows no significant phase shift 
in these frequencies. In Table 2, only the 
period 1820-1900 has most of the long-run 
components showing a wage lag whereas 
the two periods 1820-1965 and 1900-1965 
only have one phase shift, each showing a 
wage lag and wage lead, respectively. The 
remaining phase estimates in the long run 
are not significantly different from zero. 
For the results in Table 3, the period 1860— 
| 1900 has over half the long components 

ë The underlying theory of tests of significance, 
especially for the estimates of phase, is still in a state of 
development and there is not unanimous agreement on 
the relative merits of the available approaches, for 
example see C., W. J. Granger and M. Hatanaka [12, 
| p. 80]. The tests used here for the nonzero coherence (19, 
p- 433) and phase angle [19, p. 381] depend on the de- 
grees of freedom which varies with the type of lag 
window used in the estimation procedures. The Parzen 
lag window allows for the largest number of degrees of 
freedom for a given record length (n) and number of 
lags (m). The formula for degrees of freedom is 3.71 


n/m. Confidence intervals for the most commonly used 
lag windows can be found in [5], 


showing a wage lag. The period 1900-1965 
has three phase shifts showing a wage lead 
and the period 1860-1965 only two phase 
shifts showing a wage lag. Thus, for the 
United States, in the long-run frequency 
components with significant coherence, no 
one particular wage-price timing relation- 
ship manifests itself in all of the cases 
taken together. While several cases indi- 
cate the presence of a definite lag of wages 
there is also evidence of wage leads in one 
case and no significant phase shift between 
prices and wages in other cases. In the 
short-run frequencies where coherence is 
significant, there is almost no significant 
phase shift. 

Turning our attention to the evidence 
for England, the 1849-1935 period in Lon- 
don has several significant coherence values 
and phase shifts in the long-run frequencies 
indicating the presence of a wage lag. The 
other two periods in London together have 
only one significant phase shift showing a 
wage lag. The long-run frequencies for 
southern England indicate a wage lag. The 
short-run frequency components with 
significant coherence values for both Lon- 
don and southern England generally in- 
dicate no significant phase shift. 

If the wage-lag concept is to be given as 
much confidence as it appears to have been 
given in the literature, a significant lag in 
money wages behind prices should have 
been manifested in the majority of esti- 
mated frequencies for each case examined.® 


§ The results of this paper have been discussed in 
terms of significant coherence and phase estimates; how- 
ever, there is particular difficulty in the construction 
of significance tests for phase angle and the tests should 
be regarded as only approximations, Thus it is in- 
structive to examine briefly the results by eliminating 
the nonzero test for phase to determine the effect on the 
conclusions of this paper. In the long-run frequency 
components for the United States, the periods 1791- 
1932 (Table 1), 1791-1860 (Table 1), 1860-1932 (Table 
1), 1820-1965 (Table 2), 1820-1900 (Table 2), and 
1860-1900 (Table 3) indicate a wage lag; however, 
the two cases covering the period 1900-1965 (Tables 
2 and 3) show a wage lead and the period 1860-1965 
(Table 3) shows no definite time relationship. Thus, 
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In the United States, no one particular 
timing relationship appears in the long-run 
frequencies, while in England a wage lag 
does appear in these components. Even 
though there appears to be a tendency for 
wage lags in the low frequencies (long 
periods), the short-run frequencies tend to 
exhibit no significant timing difference. 
Not only does the wage lag fail to be the 
sole time relationship between prices and 
wages, but the existence or nonexistence of 
a timing relationship for different length 
cycles is an interesting feature deserving 
attention. No simple explanation appears 
readily at hand; however, aided with the 
intuitive interpretation of the spectral 
density function [11], a tentative explana- 
tion can be suggested. The fact that a 
timing relationship frequently appears in 
the long-run frequencies, while prices and 
wages appear to be coincidental in the 
short-run frequencies may indicate differ- 
ent factors influencing the price-wage 
interaction depending on whether one is 
considering the long or short run. In the 
long run, the economy is subject to impor- 
tant structural changes which are absent 
or have little impact in the short run. In 
fact, the main point of the Kuznets cycle is 
to emphasize the difference in the underly- 
ing process of changes in economic ac- 
tivity between the short business cycle and 
fluctuations longer than, say, ten years.’ 





while the evidence for the wage lag is somewhat 
stronger, there is still not a complete dominance of this 
particular timing relationship between prices and wages 
in the long run. For the short-run frequency components 
with significant coherence, we can reasonably regard 
prices and wages as coincident given the very small 
estimates of phase in terms of years regardless of the 
sign of tsu. In England for the long run, the cases of 
significant coherences indicate a wage lag, but in the 
short run, the estimates of isu are generally small 
enough to conclude that no meaningful time difference 
exists between prices and wages. Therefore, even if we 
eliminate the tests for nonzero phase, the wage-lag 
hypothesis does not find the empirical foundation 
necessary for the role the hypothesis has played in 
economic analysis. 

7 See the recent contribution by Moses Abramovitz 
[1] for a discussion of the factors underlying long term 
fluctuations in economic activity. 


Over the long run, we can expect signifi- 
cant shifts in the supply of labor to affect 
the wage level and hence the price-wage 
interaction. Specifically, shifts in the labor 
supply can result from changes in popula- 
tion, immigration between countries, and 
migration from rural to urban areas within 
the country. As an illustration, assume 
that an exogenous increase in the money 
supply results in a sustained growth of 
aggregate demand and output over a long 
period of time. This will have a correspond- 
ing impact on the demand for labor, In- 
creasing tightness would be reflected in an 
increase in the rate of change of wages. 
Price behavior would depend on many 
factors, but especially the responsiveness 
of output to demand. A possible result 
would include prices and wages moving 
more or less together. However, the price-’ 
wage interaction would be modified by 
changes in the supply of labor via popula- 
tion, immigration and migration changes, 
whether they are endogenous or exogen- 
ous. These forces would make themselves 
felt for long periods of time and if they im- 
plied a timing relationship between prices 
and wages it should be important and 
observable. In the short run, the influence 
of these alterations in the supply of labor 
is less important and other variables, 
characteristic of shorter term changes, 
would underlie price and wage behavior. 
These include changes in profits, changes 
in demand associated with inventory 
fluctuations, changes in raw material 
prices and agricultural prices. Since these 
are short term variables, whatever timing 
relationship resulted between prices and 
wages would tend to be small in magni- 
tude. The spectral results appear to be 
consistent with such an interpretation. 
The lower frequency components of the 
spectral density function are identified 
with the longer term movements of prices 
and wages and measure the influence of 
events affecting the economy over long 
periods of time. The higher frequency com- 
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ponents are identified with the shorter run 
movements in prices and wages thus mea- 
suring the influence of events having their 
impact only for a short period of time. 
Whatever time relationship resulted be- 
between prices and wages due to short 
term factors would necessarily be small 
and when estimated with the type of data 
considered in this study may be insignifi- 
cant. 


IV. Conclusion 


There should be a direct relationship 
between the confidence given a particular 
concept or hypothesis in economic analysis 
and the empirical support offered if theory 
is to have something useful to say about 
the real world. There is no need to enumer- 
ate the various roles of the wage-lag hy- 
pothesis in economic analysis since they 
are so well known. However, much of the 
evidence lacks statistical reliability and 
has been shown by Alchian and Kessel to 
be unsuitable as a solid foundation for 
theorizing about the lag of wages behind 
prices. In this study, similar data as used 
by previous investigators of the wage-lag 
hypothesis were subjected to analysis by a 
modern approach to the study of time 
series. The results for both the United 
States and England indicate that there is 
no agreement with the wage-lag hypothesis 
in the frequency range identified as the 
short run since wages and prices appear to 
be concident here. At the short-run fre- 
quency components where there is a 


meaningful degree of association between 
prices and wages almost all of the time, 
differences are not significant. In the long- 
run frequency range the evidence is some- 
what more favorable. The results for the 
United States show that at the long-run 
frequency components where coherence is 
significant only about half of the com- 
ponents indicate a significant time differ- 
ence between prices and wages. At these 
components, the timing relationship is 
predominantly a wage lag. However, the 
remaining time differences are not signifi- 
cant even though there is a meaningful 
degree of association between prices and 
wages. At these components, the value of 
tau is generally small. In the case of En- 
gland where coherence is significant, about 
half of the phase shifts show a wage lag and 
the remainder indicate no significant time 
difference. 

These results argue against the uncrit- 
ical acceptance of the wage-lag hypothesis 
in the sense that the wage lag is the sole 
timing relationship between prices and 
wages over time. It is this particular inter- 
pretation of the hypothesis which has 
permeated much of the literature. How- 
ever, the results appear consistent with a 
less restrictive version of the wage-lag 
hypothesis. When there is a time difference 
between prices and wages, it tends to re- 
sult in a wage lag; however, there are 
many instances where no meaningful time 
difference exists, implying that prices and 
wages are coincident. 


(Appendix follows on page 812) 
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APPENDIX 


TABLE 1—Cross-Specrrar Statistics BETWEEN CONSUMER PRICES 
AND Money WAGES IN THE Untrep Srates 1791-1932 





1791-1932 1791-1860 . 1860-1932 





Period Coherence Phase Tau | Period Coherence Phase Tau | Period Coherence Phase Tow 


40.00 -90338 =. 1378 .8708 | 30.03.5936" .0143 .0683 | 30.03 =. 9136" = . 1476. 7046 
20.00 86728 =. 2341" 7453 9115" = .28985 6920 


z 
8 
2 
$ 
S 
n 
a 
z 
z 
2 


13.33 .73498 3055" 6483 | 10.00.3970 „1505 .2396 | 10.00 86678 4278 „6809 
10.00 6711+ 4050" 6446 | 7.50 4708 3357 .4007 | 7.50 8653" 47308 5647 
8.00 69602 4245 5405 | 6.50 5307 3216 .3071 | 6.50 8370 3961» .3782 
6.67 6176 4317 4581 | 5.00 .5785* 1954 .1555 | 5.00 .7507 .3545® .2821 
5.71  .9398% 40209 3664 | 4.29 S244 —.0156 —.0106 | 4.29 5841s  .3211* .2190 
5.00 5626" 330% 2633 | 3.75 3410 —.2560 —.1528 | 3.75 45498 2208 .1372 
4.44 5486  .0726 .0514| 3.33 1760 —.5211 —.2764 | 3.33 .6006 1865 .0989 
4,00 41128 —.2402 —.1529 | 3.00 .1833 —.6981 —.3333 | 3.00 6106 .2348 .1121 
3.64 2056 —.4427 —.2562 | 2.73 .2300 —.5613 —.2436 | 2.73 .46048 3544 1538 
3.33 0669 —.4887 —.2593 | 2.50 .1778 —.3108 —.1237 | 2.50 .3508  .3721 .1481 
3.15 0844 —.2991 —.1465 | 2.31 .2667 —.1288 —.0473 | 2.31 .2632 .1688 .0620 
2.86  .1462 —,2376 —.1080 | 2.14  .40708 —.0976 —.0333 | 2.14 .2141 —.0307 —.0105 
2.67 0951 —.1675 —.0711 | 2.00 .4330  .0000 .0000| 2.00 .1972  .0000 .0000 
2.50 0327 —.0672 —.0267 

2.35 0702 —.1354 — .0507 

2.22 2008 ~~ .1109 — .0392 

2.11 2650 —.0265 — .0089 

2.00 2624  .0000 0000 


* Significantly different from zero at the 95 percent level. 
Phase is measured in radians. 
Tats is measured in years and derived from phase by dividing phase by 2xfp, where fy is the cycles per year. 


TABLE 2—CROSS-SPECTRAL STATISTICS BETWEEN CONSUMER PRICES 
AND MONEY WAGES IN THE UNITED Stares 1820-1965 


1820-1965 | 1820-1900 1900-1965 














Period Coherence Phase Tau | Period Cokerence Phase Tau {| Period Coherence Phase Tow 
40.00 .9320e 0344 .2193 | 30.03 .8652= .19448 .9280 | 30.03 8026" —.1554 —.7419 
20.00 .89538 = 0654" =.2082 | 14.99 .815% .3644* .8699 | 14.99 8065" —. 1868 — .4460 
13.33 7949» .1035 .2196 | 10.00 .7109% .5043® .8026 | 10.00 .72428 — .1303 — .2074 
10.00 „6885+ 1553 .2472 | 7.50- .6479» = 5267" 6287 | 7.50 .61818 —.0499 —.0595 
8.00 .68878 1283 .1634 | 6.00 .5637> .4689% .4478 | 6.00 .614% — 0034 — .0032 
6.67 -7015° .0993 .1054 | 5.00 .4182* .4031 .3208; 5.00 .6773 —.0246 — .0195 
5.71 .7147° .0575 .1522 4.29 .3340* .3511 2395 4.29 .7016® —.0276 — .0188 
5.00 7248" = 0071 .0056 | 3.75 2458 .2752 1642 | 3.75 .6167 —.0515 — .0307 
4.44 70128 — .0269 —.0190 | 3.33 .2809 .0530 .0281 | 3.33 .5846* — 0366 — .0194 
4.00 _ «7207» — 0144 — .0092 3.00 .3051 .0481 0229 3.00 .4944> -- 1613 —.0770 
3.64 7815" .0200 .0116 2.73 .2253 -1452 0630 2.73 3878" — 0654 — 0284 
3.33 . 7990" .0481 = 0255 2.50 .1348 1534 0610 2.50 3340 2245 0893 
3.15 7755" .0578 = .0283 2.31 .2280 —.0421 —.0155 2.31 3498 .3061 1124 
2.86 7420" 0488  .0222 2.14 .1746 —.1322 —.0451 2.14 3804" . 1560 0532 
2.67 .6802* .0676 .0287 2.00 = .1956 -0000 0000 2,00 4096 — .0000 — .0000 
2.50 .6411* .0763 0304 
2.35 .670% 0301 .0113 
2.22 .7060° .0068 .0024 
2.11 .7030% 0126 „0042 
2.00 


-6978 .0000 .0000 





For footnotes: see Table 1. 
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TABLE 3—Cnrose-Specreat Statistics BETWEEN CONSUMER Prices 


1860-1965 


Period Coherence Phase 


40.00 -9610* 
20,00 94428 
13.33 8726" 
10.00 . 69901 
8.00 -60145 
6.67 -5467" 
5.71 5900" 
5.00 5047" 
4.44 6121s 
4.00  .7220 
3.64 742% 
3.33 69748 
3.15 — .65278 
2.86 .6312 
2.67 5810» 
2.50 =. 58008 
2.35 6708" 
2.22 7531" 
2.11 81228 
2.00 8400 


AND Money WAGES IN THE UNITED States 1860-1965 


Tau 
.0148  .0939 
.0082 .0260 
— „0447 — .0948 
~.1408 — .2241 
—.1274 — .1622 
— .0074 — .0079 
-0937 0852 
.2190 = .1743 
-3030" =, 2143 
.2366" =. 1506 
.1050 .0608 
— .0096 —.0051 
— .0987 — .0483 
—.1011 —.0460 
.0258  .0109 
.1465 = .0583 
.1612 .0604 
.1622 = .0574 
.1228 =. 0411 
.0000  .0000 


For footnotes: see Table 1. 
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` 1860-1900 


81578 
-8026 
. 7869% 
8366» 
86067 
. 76098 
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TABLE 4—Cross-SPecTRat STATISTICS BETWEEN CONSUMER PRICES 


1729-1935 


Period Cokerencs Phase 


AND Money WAGES IN ENGLAND (Lonpon) 1729-1935 


Tou 


.2983 
3574 


40.00 1554 0466 
20.00 26528 .1123 
13.33 -4328" =. 1836 
10.00 40218 2560 
8.00 = 2773" = .3570 
6.67 1197 5143 
5.71 0748 8738 
5.00 — .0593 7016 
4.44 = .0702 2746 
4.00 0474 4070 
3.64 0427 6764 
3.33 .0362 -6905 
3.15 -0049 9584 
2.86 .0051 —.7554 
2.67 .0003 5077 
2.50 .0381 —.9595 
2.35 .0751 —1.0879 
2.22 .0641 — 1.0851 
2.11 .0297 —1.0629 —.3561 
2.00 .0024 0000 


For footnotes: see Table 1. 


Period Coherence Phases Tau 


10.00 


ROBO BSS Gee Go ci S 
SRS SSSSassss 


3178 
3811s 


-0761 
0553 
0155 
0058 
0052 
0015 
-0114 
0496 
1981 
2139 











1900-1965 
Period Coherenca Phase Tau 
.3700 1.7667 | 30.03 .9128a — 0829% — .3956 
.4702e 1.1225 | 14.99 .9091e —.1018* — .2430 
.4578 7285 | 10.00 .8928+ —.0735* —.1169 
.3684* 4397 | 7.50 .875% —.0324 —.1038 
.2585* .2468 | 6.00 .8425 —.0301 — .0287 
.0629 .0501 | 5.00 .7850" —.0456 — .0363 
—.2356 —.1607 | 4.29 .7700> —.0244 — .0167 
—.2969 —.1772 | 3.75 .7313= .1038 .0062 
—.0617 —.0327 | 3.33 .6155s —.0450 — .0239 
1523 .0727 | 3.00 .4904* —.1029 —.0491 
.2572 .1116 | 2.73 .4000  .0675 .0293 
.2683» .1068 | 2.50 42278 .3768 1449 
-2105 .0773 | 2.31 .4915§ .2695 .0990 
.1007 0343 | 2.14 .6505" .0155  .0053 
.0000 .0000 | 2.00 74108 —.0000 — .0000 
1729-1849 1849-1935 

Period Coherence Phase Tan 

.3275 1.5644 | 30.03 .8894" =. 06808) 3247 
49478 1.1810 | 14.99 .87158 (12118 .2891 
3492-5557 | 10.00.8857" = .17455)—.2777 
.6006 .7169 | 7.50 .85728 = .25578 .3052 
1.2302 1.1748 | 6.00 .66455 24238 .2314 
1.1103 .8836 | 5.00 .5681* .1608 .1280 
4835 3298 | 4.29 .6770 .1971 .1344 
—.1782 —.1064 | 3.75 .65978 2998 .1789 
.5133 .2723 | 3.33 .578% = 632528 = .1725 
—.9009 —.4302 | 3.00 .5621" .31238 .1491 
.4232 .1837 | 2.73 .5567» 2372 .10%030 
—1.2738 —.5068 | 2.50 .5035 .0150 .0060 
—.7820 —.2872 | 2.31 .4233" —.2008 — .0738 
— 4611 — 1572 2.14 .32408 —.1712 — .0584 
0090 .0000 | 2.00 .2973" 0000 .0000 


1818 
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TABLE 5—CRO8S-SPECTRAL Statistics BETWEEN CONSUMER PRICES 
AND Monty WAGES IN ENGLAND (SOUTHERN Arga) 1806-1954 








1806-1954 


Period Coherence Phase Tau 


40.00 .73628 .1009 .6425 | 30.03 =. 6805" 
20.00 7218 1975s .6288 | 14.99 56568 
13.33 .7057* .2609s 5535 | 10.00 „3245s 
' 10.00 5444 „3534s „5624 } 7.50 .2156 
8.00 3789 5267» .6706 | 6.00 .1814 
6.67 .2883= 4474 .4747 | 5.00 .1028 
5.71 3136 .2497 .2271 | 4.29 0902 
5.00 4195¢ 1601 .1274 | 3.75 .1160 
4,44 .48678 „0891 .0630 | 3.33 = .0627 
4.00 4481s = .0510 .0325 | 3.00 .0142 
3.64 .42348 = 0492, 0285 | 2.73 = .0632 
3.33 52308 — 0802 —.0425 | 2.50 .0500 
3.15 .52054 —.1909 ~.0935 | 2.31 .0996 
2.86 .6319* —,1862 —.0847 | 2.14 .1382 
2.67 6229 —.1819 —.0772 | 2.00 .0701 
2.50 6160" —.2114 — .0841 
2.35 5843s — 1583 — .0593 
2.22 5269" — .0893 — .0316 
2.11 49378 — 0880 — .0295 
2.00 .4959e 0000 .0000 


For footnotes: see Table 1. 


Each of these series is an index based on 
direct price and wage observations from 
numerous sources. No relationships between 
the series and other variables like industrial 
output were used to derive the various series. 

The following are the data sources for the 
three sets of consumer prices and wages for 
the United States: (1) 1791-1932: Tucker 
has estimated the series for consumer prices 
[26] and wage rates [27] covering the entire 
period. Tucker’s estimate of the price series 
is composed of two parts. The first is his own 
estimate for the period 1791-1860 on the 
assumption that a cost of living series from 
retail prices corresponds fairly closely with a 
simple average of wholesale prices and money 
wages. For the second period, Tucker added 
a price series estimated by Carl Snyder [25], 
which includes wholesale prices, retail prices, 
rents, real estate, and other items. The 
money wage series is based on data for both 
daily and weekly rates of pay. Before 1841, 
Tucker based the wage series on estimates of 
wages paid to workers living in Massachu- 
setts from 1840-1890, he averaged together 


* {806-1878 
Period Coherence Phase Tas 


1878-1954 
Period Coherence Phase Tam 


.1852 .8843 | 30.03 62108 3181» 1.5189 
.2739 6538 | 14.99 .73558 4564» 1,0895 
.1658 .2640 | 10.00 .70838 .5398 .8591 
.1089 .1299 | 7.50 .4981s .7009 8367 
.1328 .1268 | 6.00 .388% 6443s 6153 
.3826 .3044 | 5.00 .4444* 3816 .3037 
1.0662 .7272 |} 4.29 4872» .1113 .0759 
1.2148 .7244 | 3.75 = .48878 —.1735 —.1035 
1.1495 .6098 | 3.33 .5106 —.2524 —.1339 
—.8126 —.3880 | 3.00 .5904s —.2025 — .0967 
.0192 .0083 | 2.73 .6676 —.1654 —.0718 
.6049 2407 | 2.50 .6733 —.1935 — .0770 
— 1.2092 —.4441 | 2.31 .601% —.2248 — .0826 
—.7588 —.2588 | 2.14 .5075» —.1824 — .0622 
.0000 .0000 | 2.00 4648» 0000 0000 


the wage series estimated by Hansen [18] and 
Snyder [25]; and for the remainder of the 
period used the Snyder series. (2) 1820-1965: 
The consumer price series for the entire 
period is obtained from the Bureau of Labor 
Statistics (BLS) [31, p. 199] and represents 
the prices paid by city workers for all items, 
including rent, apparel, and upkeep. The — 
money wage series represents primarily 
weekly wages. For the period 1820-1923, the 
estimates of money wages provided by Han- 
sen [18] are used. Hansen’s series is derived 
by joining together several wage series esti- 
mated by R. P. Falkner, Wesley Mitchell, 
Paul Douglas and F. Lamberson and others. 
The money wage series is brought up to 1965 
with the BLS estimates [31, p. 150] of aver- 
age weekly earnings of production workers 
in manufacturing. (3) 1860-1965: Both the 
consumer price series and money wage series 
are provided by C. D. Long [21] for the pe- 
riod 1960-1958 and brought up to 1965 with 
estimates by the BLS [30]. The consumer 
price series for this period is essentially the 
same as used in (2) except for a few short sub- 
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periods. The money wage series represents 
hourly wages based on Long’s own estimates 
as well as estimates made by the BLS and 
Albert Rees. 

The following are the sources for the two 
sets of consumer prices and money wages for 
England: (1) 1729-1935: Tucker [28] has 
derived estimates of both the consumer price 
and money wage series for the entire period 
in London. The consumer price series is 
based on a fairly broad range of commodi- 
ties. In addition, Tucker adds an estimate of 
the amount of rent paid by workers living in 
London on the assumption that one-sixth of 
a worker’s weekly earnings went for rent. 
The wage series represents weekly earnings. 
For the first several decades, much reliance is 
placed on workers in the building trades 
given the lack of data; however, after 1860, 
it was possible to include far more trades. 
(2) 1806-1954: The price and wage series for 
this entire period are those of E. H. Phelps 
Brown and S. Hopkins [8] who have esti- 
mated daily wages and prices for building 
trades in the southern part of England for 
the entire period. Unlike the price series for 
the United States, the Brown-Hopkins price 
series includes no estimate for rent for the 
entire period. A straight line approximation 
for two missing years, 1865 and 1872, was 
made by the author in the wage series for this 
period. The Brown-Hopkins series goes back 
to the thirteenth century; however, the 
earlier data was not used because of dubious 
reliability and the fact that there were few 
changes in the money wage index up to about 
1800. 
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An Economic Interpretation of 
Optimal Control Theory 


By ROBERT DorFMan* 


Capital theory is the economics of time. 
Its task is to explain if, and why, a lasting 
instrument of production can be expected 
to contribute more to the value of output 
during its lifetime than it costs to produce 
or acquire. From the explanation, it de- 
duces both normative and descriptive con- 
clusions about the time-path of the ac- 
cumulation of capital by economic units 
and entire economies. . 

Traditionally, capital theory, like all 
other branches of economics, was studied 
in the context of stationary equilibrium. 
For example, the stationary state of the 
classical economists, and the equilibrium 
of Béhm-Bawerk’s theory of the period of 
production, both describe the state of 
affairs in which further capital accumula- 
tion is not worthwhile. A mode of analysis 
that is confined to a distant, ultimate posi- 
tion is poorly suited to the understanding 
of accumulation and growth,! but no other 
technique seemed available for most of the 
history of capital theory. 

For the past fifty years it has been per- 
ceived, more or less vaguely, that capital 
theory is formally a problem in the cal- 
i culus of variations.? But the calculus of 
| variations is regarded as a rather arcane 
subject by most economists and, besides, 
| in its conventional formulations appears 
, too rigid to be applied to many economic 
problems. The application of this con- 
ceptual tool to capital theory remained 


* The author is professor of economics at Harvard 
University. 

1 A point made most forceably by Joan Robinson in 
[9] and elsewhere. 

3? Notable examples are Hotelling [6] and Ramsey [8]. 
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peripheral and sporadic until very re- 
cently, and capital theory remained bound 
by the very confining limitations of the ul- 
timate equilibrium. 

All this has changed abruptly in the past 
decade as a result of a revival, or rather 
reorientation, of the calculus of variations 
prompted largely by the requirements of 
space technology.’ In its modern version, 
the calculus of variations is called optimal 
control theory. It has become, deservedly, 
the central tool of capital theory and has 
given the latter a new lease on life. Asa re- 
sult, capital theory has become so pro- 
foundly transformed that it has been 
rechristened growth theory, and has come 
to grips with numerous important practical 
and theoretical issues that previously could 
not even be formulated. 

The main thesis of this paper is that 
optimal control theory is formally identical 
with capital theory, and that its main in- 
sights can be attained by strictly economic 
reasoning. This thesis will be supported by 
deriving the principal theorem of optimal 
control theory, called the maximum prin- 
ciple, by means of economic analysis. 


I. The Basic Equations 


In order to have a concrete vocabulary, 
consider the decision problem of a firm 
that wishes to maximize its total profits 
over some period of time. At any date t, 
this firm will have inherited a certain stock 
of capital and other conditions from its 


3 The twin sources of the new calculus of variations 
are R. Bellman [4] and L. S. Pontryagin, et al. [7]. Bell- 
man emphasized from the first the implications of his 
work for economics. 
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past behavior. Denote these by A(t). With 
this stock of capital and other facilities k 
and at that particular date t, the firm is in 
a position to take some decisions which 
might concern rate of output, price of out- 
put, product design, or whatnot. Denote 
the decisions taken at any date by x(t). 
From the inherited stock of capital at the 
specified date together with the specified 
current decisions the firm derives a certain 
rate of benefits or net profits per unit of 
time. Denote this by u(k(t), x(t), t).* This 
function u determines the rate at which 
profits are being earned at time t as a re- 
sult of having k and taking decisions x. 

Now look at the situation as it appears 
at the initial date t=0. The total profits 
that will be earned from then to some ter- 
minal date T is given by: 


3 T 
W (ko, x) = f ulk, x, t)dt 
0 


which is simply the sum of the rate at 
which profit is being earned at every in- 
stant discounted to the initial date (if de- 
sired) and added up for all instants. In 
this notation x does not denote an ordinary 
number but the entire time path of the 
decision variable x from the initial date to 
T. This notation asserts that if the frm 
starts out with an initial amount of capital 
ky and then follows the decision policy 
denoted by ł, it will obtain a total result, 
W, which is the integral of the results 
obtained at each instant; these results in 
turn depending upon the date of the 
pertinent instant, the capital stock then 
and the decision applicable to that mo- 
ment. The firm is at liberty, within limits, 
to choose the time path of the decision 
variable ¥ but it cannot choose indepen- 
dently the amount of capital at each in- 


4In the sequel we shall often omit the time-argu- 
ments in the interest of simplicity, and thus write 
simply u(k, x, t). 

$ The argument t allows the introduction of any dis- 
counting formula that may be appropriate. 


stant; that is a consequence of the capital 
at the initial date and the time path chosen 
for decision variable. This constraint is 
expressed by saying that the rate of change 
of the capital stock at any instant is a 
function of its present standing, the date, 
and the decisions taken. Symbolically :$ 


a) SE 
E fimt) 


Thus the decisions taken at any time have 
two effects. They influence the rate at 
which profits are earned at that time and 
they also influence the rate at which the 
capital stock is changing and thereby the 
capital stock that will be available at 
subsequent instants of time. 

These two formulas express the essence 
of the problem of making decisions in a 
dynamic context. The problem is to select 
the time path symbolized by % so as to 
make the total value of the result, W, as 
great as possible taking into account the 
effect of the choice of x on both the in- 
stantaneous rate of profit and the capital 
stock to be carried into the future. This is 
truly a difficult problem, and not only for 
beginners. The essential difficulty is that 
an entire time path of some variable has to 
be chosen. The elementary calculus teaches 
how to choose the best possible number to 
assign to a single variable or the best 
numbers for a few variables by differen- 
tiating some function and setting partial 
derivatives equal to zero. But finding a 
best possible time path is an entirely dif- 
ferent matter and leads into some very ad- 
vanced mathematics. The strategy of the 
solution is to reduce the problem which, 
as it stands, requires us to find an entire 
time path, to a problem which demands us 
to determine only a single number (or a 
few numbers), which is something we 
know how to do from the ordinary cal- 


6 The dot will be used frequently to denote a rate of 
change with respect to time. 
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culus. This transformation of the problem 
can be performed in a number of ways. One 
way, which dates back to the eighteenth 
century, leads to the classical calculus of 
variations. Another way, which will be 
followed here, leads to the maximum prin- 
ciple of optimal control theory. This 
method depends very heavily on intro- 
ducing the proper notation. First, intro- 
duce a formula for the value that can be 
obtained by the firm starting at an arbi- 
trary date t with some amount of capital 
k and then following an arbitrary decision 
policy until the terminal date. It is 


3 T 
W (k, x, t) = f ulk, x, t]dr 
t 
which, of course, is just a generalization of 
the W formula introduced previously. 
Now break W up into two parts. Think 
of a short time interval of length A begin- 
ning at time t. A is to be thought of as 
being so short that the firm would not 
- change x in the course of it even if it could. 
Then we can write 
W (k, 3, t) = ulk, tu t)A 
T 
@) + u[k(t), x, r]dr. 
ts 

This formula says that if the amount of 
capital available at time t is & and if the 
policy denoted by ž is followed from then 
on, then the value contributed to the total 
sum from date t on consists of two parts. 
The first part is the contribution of a short 
interval that begins at date t. It is the rate 
at which profits are earned during the 
interval times the length of the interval. It 
depends on the current capital stock, the 
date, and the current value of the decision 
variable, here denoted by x, The second 
part is an integral of precisely the same 
form as before but beginning at date t+-A. 
It should be noticed that the starting 
capital stock for this last integral is not 
k(t) but &(t+-A). This fact, that the capital 


stock will change during the interval in a 
manner influenced by x, will play a very 
significant role. We can take advantage of 
the fact that the same form of integral has 
returned by writing 


W (Re, z, t) = u(k, a, t)A + W (heya, X, t + A) 


where the changes in the subscripts are 
carefully noted. 

Now some more notation. If the firm 
knew the best choice of x from date t on, it 
could just follow it and thereby obtain a 
certain value. We denote this value, which 
results from the optimal choice of x by V*, 
as follows 


V* (ke t) = max W (ks, x, t). 


Notice that V* does not involve X as an 
argument. This is because x has been 
maximized out. The maximum value that 
can be obtained beginning at date t with 
capital k does not depend on x but is the 
value that can be obtained in those condi- 
tions from the best possible choice of x. 
Now suppose that the policy designated by 
x, is followed in the short time interval 
from t to t-+A and that thereafter the best 
possible policy is followed. By formula (2) 
the consequence of this peculiar policy can 
be written as 


V (k, Ti, t) = (Re, Xt; t)A + V* (Rea, t + A). 


In words, the results of following such a 
policy are the benefits that accrue during 
the initial period using the decision x, plus 
the maximum possible profits that can be 
realized starting from date t+A with 
capital k(t+A) which results from the 
decision taken in the initial period. 

Now we have arrived at the ordinary 
calculus problem of finding the best pos- 
sible value for v.. If the firm adopts this 
value, then V of the last formula will be 
equal to V*, The calculus teaches us that 
one frequently effective way to discover a 
value of a variable that maximizes a given 
function is to differentiate the function 
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with respect to the variable and equate the 
partial derivative to zero. This is the 
method that we shall use. But first we 
should be warned that this method is not 
sure-fire. It is quite possible for the partial 
derivatives to vanish when the function is 
not maximized (for example, they may 
vanish when it is minimized), and cases are 
not rare in which the partial derivatives 
differ from zero at the maximum. We shall 
return to these intricacies later. For the 
present we assume that the partial deriva- 
tive vanishes at the maximum, differ- 
entiate V(&:, x, t) with respect to x, and 
obtain 


ð 
A — ulk, %, t) 
Ox, 


(3) ‘ 
+ — V*(k(t + A), t +4) = 
Ox 


The trouble with that formula, aside from 
the fact that the function V* is still un- 
known, is that we are told to differentiate 
V* with respect to x, whereas it does not 
involve «, explicitly. To get around this, 
notice 

OR(t + A) 


am ORFA) om 
Both of these expressions merit some anal- 
ysis and we shall start with the second. 
Since we are dealing with short time pe- 
riods we can use the approximation 


R(t + A) = A(t) + kA. 


That is, the amount of capital at- t+A is 
equal to the amount of capital at t plus 
the rate of change of capital during the 
interval times the length of the interval. 
Remembering formula (1), $ depends on 
v: 

k = f(k, Try t). 
Thus we can write 

ðk(t + A) i of 
OX Ox 


Turn, now, to the first factor, ô V*/ðk. 
This derivative is the rate at which the 
maximum possible profit flow from time 
t+A on changes with respect to the 
amount of capital available at t-A. It is, 
therefore, the marginal value of capital at 
time t-+-A, or the amount by which a unit 
increment in capital occurring at that time 
would increase the maximum possible 
value of W. We denote the marginal value 
of capital at time t by A(t), defined by 


ð 
A(t) = = VM, 9). 


Inserting these results in formula (3), we 
obtain 


ðu ðf 
(4) A—+Xt+ AA— =0 
Ox OX, 


and furthermore, the constant A can be 
cancelled out. We have one more simpli- 
fication to make before arriving at our 
first important conclusion. The marginal 
value of capital changes gradually over 
time and so, to a sufficiently good approxi- 
mation, 


A(t + A) = A(t) + ACOA. 


That is, the marginal value of capital at 
t+-A is the marginal value at t plus the rate 
at which it is changing during the interval 
multiplied by the length of the interval. 
Insert this expression in equation (4), after 
cancelling the common factor A in the 
se as written, to obtain 


of 


at MUS sii soa Z — a0. 


Now allow A to tie zero. ‘The third 
term becomes negligibly small in com- 
parison with the other two. Neglecting 
it, there results: 


(5) —+\—=0. 


This is our-first major result and con- 





DORFMAN: OPTIMAL CONTROL THEORY 821 


stitutes about half of the maximum prin- 
ciple. It makes perfectly good sense to an 
economist. It says that along the optimal 
path of the decision variable at any time 
the marginal short-run effect of a change in 
decision must just counter-balance the 
effect of that decision on the total value 
of the capital stock an instant later. We 
see that because the second term in the 
equation is the marginal effect of the cur- 
rent decision on the rate of growth of 
capital with capital valued at its marginal 
worth, >. The firm should choose x at 
every moment so that the marginal im- 
mediate gain just equals the marginal 
long-run cost, which is measured by the 
value of capital multiplied by the effect of 
the decision on the accumulation of capi- 
tal. 

Now suppose that x, is determined so as 
to satisfy equation (5). On the assumption 
that this procedure discovers the optimal 
value of xe, V (ki, xe t) will then be equal to 
its maximum possible value or V*(k, t). 
Thus 


V*(R, t) = u(h a, t)A + V*(A(t+ A), t-+ A). 


Now differentiate this expression with re- 
spect to k. The derivative of the left-hand 
side is by definition A(t). The differentia- 
tion of the right-hand side is very similar 
to the work that we have already done and 
goes as follows: 


A(t) = A g = V*(k(t + A), t + A) 
"8h ðk á 


ðu ðklt+ A) 
A — + —— A(t +t å 
ðk aS ðk eee) 


ou ð 
= A — 1+ 4A— A 
a+ ( + Hat 


ðu a ð 
ELEA CAE EE l 
ðk ðk ak 


At 


We can ignore the term in A? and make the 
obvious cancellations to obtain 


ðu af 

(6) h a +X a 

This is the second major formula of the 
maximum principle and possesses an 
illuminating economic interpretation. 

To a mathematician, À is the rate at 
which the value of a unit of capital is 
changing. To an economist, it is the rate at 
which the capital is appreciating. —\(t) is 
therefore the rate at which a unit of capital 
depreciates at time t. Accordingly the 
formula asserts that when the optimal 
time path of capital accumulation is fol- 
lowed, the decrease in value of a unit of 
capital in a short interval of time is the sum ` 
of its contribution to the profits realized 
during the interval and its contribution to 
enhancing the value of the capital stock at 
the end of the interval. In other words, a 
unit of capital loses value or depreciates as 
time passes at the rate at which its poten- 
tial contribution to profits becomes its 
past contribution. 

This finding is reminiscent of the figure 
of speech employed by the nineteenth 
century capital theorists. They said that 
a capital good embodied a certain amount 
of value which it imparted gradually to 
the commodities that were made with its 
assistance. That is just what is going on 
here. Each unit of the capital good is 
gradually decreasing in value at precisely 
the same rate at which it is giving rise to 
valuable outputs, either currently saleable 
or stored for the future in accumulated 
capital. We can also interpret —} as the 
loss that would be incurred if the acquisi- 
tion of a unit of capital were postponed 
for a short time. 


Il. The Maximum Principle 


In effect we have been led to construct 
the auxiliary or Hamiltonian function 


H = u(k, x, t) + A(t)/(2, x, t), 
to compute its partial derivative with re- 
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spect to x, and to set that partial deriva- 
tive equal to zero. This construction has 
substantial economic significance. If we 
imagine H to be multiplied by A, we can 
see that it is the sum of the total profits 
earned in the interval A plus the accrual 
of capital during the interval valued at its 
marginal value. HA is thus the total con- 
tribution of the activities that go on during 
the interval A, including both its direct 
contribution to the integral W, and the 
value of the capital accumulated during 
the interval. Naturally, then, the decision 
variable x during the current interval 
should be chosen so as to make H as great 
as possible. It is for this reason that the 
procedure we are describing is called the 
maximum principle. A simple and fre- 
quently effective way to do-this is to choose 
a value of the control variable for which 
the partial derivative vanishes, as we have 
done. 

We have also, in effect, computed the 
partial derivative of H with respect to k 
and equated that partial derivative to 
—À. The common sense of this operation 
can be seen best from a modified Hamil- 
tonian, 


d 
H* = u(k, x, t) gee 


= u(k, x, t) + Ak + hE. 


H*A is the sum of the profits realized dur- 
ing an interval of length A and the increase 
in the value of the capital stock during the 
interval, or in a sense, the value of the total 
contribution of activities during the inter- 
val to current and future profits.” If we 
maximize H* formally with respect to x 
and & we obtain: 

au ss i 

Ox Ox 


ale Le 
ðk ok j 


7 A* differs from H by including capital gains. 


which are equations (5) and (6). 

Of course, the firm cannot maximize H* 
with respect to & since & is not a variable 
subject to choice. But we now see that 
equations (5) and (6) advise the firm to 
choose the time-paths of x and A so that 
the resultant values of k are the ones it 
would choose, if it could do so, to make the 
sum of profits and increment in capital 
value as great as possible in every short 
time interval. 

As a technical note, in differentiating H, 
the marginal value ) is not regarded as a 
function of x and k, but as a separate 
time path which is to be determined op- 
timally. 

Now we have before us the basic ideas of 
the maximum principle. There is naturally 
much more to the method than these two 
formulas. A good deal of mathematical 
elaboration is required before the two 
formulas can be implemented, and we shall 
indicate later some of the complications 
that can arise. But there is one additional 
feature that has to be mentioned before we 
have finished dealing with fundamentals. 
This concerns the boundary conditions; 
for example, the amount of capital avail- 
able at the beginning of the planning peri- 
od and the amount required to be on hand 
on the terminal date. 

To see how these boundary data affect 
the solution to the problem, consider how 
the three basic formulas operate. They are: 


(1) k = f(k, x, t) 
ðu of 
(11) ao 
ðu of 
an) rr T 


The first of these is part of the data of the 
problem. It specifies how capital grows at 
any instant as a result of its current stand- 
ing and the choices made. The other two 
formulas are the main results of the maxi- 
mization principle. Formula II says that 
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the choice variable at every instant should 
be selected so that the marginal immediate 
gains are in balance with the value of the 
marginal contribution to the accumulation 
of capital. Formula. III says that capital 
depreciates at the same rate that it con- 
tributes to useful output. 

The three formulas are conveniently 
written and remembered in terms of the 
Hamiltonian. In this form they are: 


T) ai 
ðA 
ar) 0 
Ox 
oH 
TIY ——= — À. 
am) ðk 


Notice the reciprocal roles played by k and 
A in these equations. The partial deriva- 
tive of H with respect to either is simply 
related to the time-derivative of the other. 
These three formulas jointly determine 
completely the time paths of the choice 
variable, the capital stock, and the value 
of capital. We shall start at time zero with 
a certain capital stock and a certain initial 
value for capital. Now look at formula II 
written out a bit more explicitly: 


E OEE ER E 
f ` öx Ox 


With k and A known, this formula deter- 
mines the value of x, the choice variable.® 
Putting this value in formula I we obtain 
k, the rate at which the capital stock is 
changing. Putting it in formula III we 
similarly obtain \ the rate- at which the 
value of a unit of capital is changing. Thus 
we know the capital stock and the value of 
a unit of capital a short time later. Using 
these new values, we can repeat our sub- 


ê Some mathematical complications arise here. We 
assume that with &, A, and t given, formule (IT) is 
satisfied by a unique value of z. 


stitutions in the three formulas and so find, 
in order, a new value of the choice variable, 
a new rate for the change in the capital 
stock and a new rate for the change in the 


-value of capital. Repeating this cycle over 


and over again, we can trace through the 
evolution of all the variables from time 
zero to time T. 

In short, these three formulas working 
together determine the optimal paths of all 
the variables starting out from any given 
initial position. In another sense, then, the 
problem of-the choice of an optimal path 
has been reduced to a much simpler prob- 
lem, the problem of choosing an optimal 
initial value for the value of a unit of 
capital. This is not by any means an easy 
problem, but it is obviously a great deal 
easier than finding an entire optimal path 
without the aid of these formulas. 


III. The Boundary Conditions 


We can now mention the role of bound- 
ary conditions. They are of two sorts. 
Initial conditions describe the state of the 
firm or économy at the initial date, t=0. 
In particular, they set forth the initial 


_ stock of capital. Terminal conditions 


prescribe the values of some, or all, of the 
variables at the terminal date, t=T. For 
example, the problem may require that 
the firm have at least some specified stock 
of capital, say K on hand at the terminal 
date, which can be imposed by including 
k(T) >K in the conditions of the problem. 
Or, again, if the problem is strictly one of 
maximizing profits during a finite interval, 
0 to T, it is clear that capital on hand at 
date T cannot contribute to that objec- 
tive; it exists too late to be of service before 
date T. Such a problem gives rise to the 
terminal condition \(T)=0. 

Now we have seen that the three equa- 
tions (I), (IT), (IT) jointly determine the 
entire evolution of z, k, and à once the 
starting values have been prescribed. In 
particular they determine the terminal 
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values. We have only?’ to determine a set 
of starting values that leads to acceptable 
terminal values to find an entire time path 
that satifies the necessary conditions for 
being optimal. In our example, since the 
initial capital stock is given, the critical 
initial value to be determined is \(0), the 
marginal value of capital at the initial 
date. The three basic formulas, abstract 
though they may appear, in fact con- 
stitute a constructive solution to the prob- 
lem of choosing an optimal time path. 
They are a solution, in principle, of the 
problem of optimal capital accumulation. 
We have now found that the old-fash- 
ioned technique of equating margins, used 
with a little ingenuity, leads to the maxi- 
mum principle, which is the fundamental 
theorem of optimal control theory. 


IV. An Example 


About the simplest known example of 
the application of these principles to an 
economic problem is the derivation of the 
socially optimal path of capital accumula- 
tion for a one-sector economy with an ex- 
ponentially growing population and pro- 
duction under constant returns to scale.}° 

Let us set forth some notation and data. 
. N(t) is population at date t. Since popula- 
tion grows exponentially, at rate #, say, 


N(t) = N(O)e*t. 


It will save clutter if we assume N(0)=1 
(measured in hundreds of millions of 
people). Denote per capita consumption by 
c and the utility enjoyed by a person con- 
suming at rate c by u(c). The total utility 
enjoyed by all the persons alive at time t 
with per capita consumption at rate c is 


oy (c). 
Let p be the social rate of time preference. 


* Only! Reputations have been made by solving this 
problem in important instances. 

19 A more extended discussion of a very similar model 
can be found in Arrow [1]. 


Then the importance at time 0 of the con- 
sumption achieved at time t is 


(7) en Ptesty(c) = e y(e). 


A defensible social objective for a society 
with time horizon T (conceivably infinite) 
is to maximize 


o mo fioa, 
0 


or the sum of the utilities enjoyed between 
0 and T." 

Consumption is limited by output and 
output by capital stock. Let K(t) denote 
the capital stock at date t and let (t) = 
K(t)/N(t) denote capital per capita. By 
virtue of constant returns to scale, we can 
write the production function of the 
economy as 

Y(t) = NORW) 
or, omitting the confusing time-arguments, 
Y = Nf(k) = e (k). 
Gross investment equals output minus 
consumption, or Y-Nc. Net investment 
equals gross investment minus physical 
depreciation. Suppose that physical capi- 
tal deteriorates at the rate ô per unit per 
annum so that the total rate of decay of 


the physical stock, when it is K, is ôK. 
Then net capital accumulation is 


K = Y — Ne —i6K = N(f(h) —0) — 5K 
= N(f(s) — c) — 8Nk 
= N(f(k) — c — 88). 

Finally, eliminate K by noticing: 


-2E 1 a 
dt N N\K N 


oy ee E eee 
= f(k) — c — (n+ dk. 


2 It is best to assume p>n or else the integra] will be 
infinite for T= œ. 
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Equations (8) and (9) constitute our 
simple example. Equation (9) is an ex- 
ample of equation (I). To derive equation 
(II), differentiate equations (7) and (9) 
with respect to the choice variable, c: 


ð 
— em ty(c) = ety (c), 
ðc 


= D) — c — (n + 8)k] = —1. 
ðc 


Hence equation (H) is: 
(10) eAty' (e) — A= 0, 


or the value of a unit of capital at time t is 
the marginal utility of consumption at 
that time, adjusted for population growth 
and the social rate of time preference. 

Equation (III) is obtained similarly by 
differentiating equations (7) and (9) with 
respect to k. There results: 


—A = 0 HALF (k) — (a + 8)], 
or 


(11) f@anta—~. 


Equation (10) can be used to eliminate the 
unfamiliar A. Differentiating it with re- 
spect to time: 








h u" (c) de 
A ME u’(c) dt 
Thus equation (11) becomes 
u” (c) dé 
k) = p +8 — a 
EE Se w(c) dt 


This is our final equation for the optimal 
path of capital accumulation. It asserts 
that along such a path the rate of con- 
sumption at each moment must be chosen 
so that the marginal productivity of capi- 
tal is the sum of three components: 


(1) p, the social rate of time preference, 
(2) 8, the rate of physical deterioration 
of capital, and 


(3) the rather formidable looking third 
term which, however, is simply the 
percentage rate at which the psychic 
cost of saving diminishes through 
time. This can be seen by noting | 
that the psychic cost of saving at 
any time is #’(c), its time rate of 
change is “’’(c)dc/dt, and its per- 
centage time rate of change is the 
negative of the third term in the 
sum. 


In other words, along the optimum path 
of accumulation the marginal contribution 
of a unit of capital to output during any 
short interval of time must be just suffi- 
cient to cover the three components of the 
social cost of possessing that unit of capi- 
tal, namely, the social rate of time-prefer- 
ence, the rate of physical deterioration of 
capital, and the additional psychic cost of 
saving a unit at the beginning of the 
interval rather than at the end. All of 
these are expressed as percents per unit of 
time, which is also the dimension of the 
marginal productivity of capital. 

The evolution of this economy along its 
optimal path of development can be vi- 
sualized most readily by drawing a phase 
diagram as shown in Figure 1, We have 
found that the rates of change of & and ¢ 
can be written: 


(9) k = f(k) — (n+ dk — c, 
w 
TAE Pl 


= u” (c) 


Thus $=0 whenever c and k satisfy the 
equation 





c = f(k) — (n + òk. 


In Figure 1, k is plotted horizontally and ¢ 
vertically. The curve labelled $=0 shows 
the combinations of c and k that satisfy 
this equation. It has the shape drawn 
because of the conventional assumptions 
that the marginal productivity of capital 
is positive but diminishing (i.e., f(k) >0, 
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FIGURE 1 


f’’(k) <0), and the very plausible assump- 
tion that for very low levels of capital per 
worker, f’(k) >»+6. We also assume that 
no output is possible without some capital, 
i.e., {(0)=0. If consumption per capita is 
less than the rate on the locus just de- 
scribed, capital per capita increases (Å >0). 
Above the locus #<0. 

Similarly, consumption per capita is un- 
changing (¢=0) if 


F = pti. 


The vertical line in Figure 1, labelled ¿=0, 
is drawn at this level of k. If we accept the 
usual assumptions of positive but diminish- 
ing marginal utility u’(c)>0, w’’(c) <0. 
Then ¢>0, i.e., per capita consumption 
grows, to the left of this line. The reason is 
that with low levels of capital per capita 
the amount of depreciation is small and 
the amount of capital needed to equip the 
increment in population with the current 
level of capital per capita is also small. 
These considerations enable us to depict 
qualitatively the laws of motion of the 
system. Imagine an initial low level of 
capital per capita, represented by the 
dashed vertical in the diagram. The entire 
evolution of the system is determined by 
the choice of the initial level of per capita 
consumption. If a low initial level is 
chosen, such as at point A in the figure, 
both consumption and capital per capita 





will increase for some time, following the 
curved arrow that emanates from point A. 
But when the level of capital per capita 
reaches the critical level, consumption per 
capita will start to fall though capital per 
capita will continue to increase. This is a 
policy of initial generosity in consumption 
followed by increasing abstemiousness in- 
tended, presumably to attain some de- 
sired ultimate level of capital per capita. 

Similarly, the path emanating from 
point B represents a policy of continually 
increasing consumption per capita, with 
capital initially being accumulated and 
eventually being consumed. The other 
paths drawn have similar interpretations. 

The path originating at point C is of 
particular interest. It leads to the inter- 
section of the two critical loci, the steady 
state of the system in which neither per 
capita consumption nor per capita income 
changes. Once at this point all the absolute 
values grow exponentially at the common 
rate n. 

It is now seen that if the initial capital 
per capita is given, the entire course of the 
economy is determined by the choice of the 
initial level of per capita consumption. 
This choice determines, among other 
things, the amount of capital per capita at 
any specified date. If the conditions of 
the problem prescribe a particular amount 
of capital at some date, the initial c must 
be the one with a path that leads to the 
specified point. If there is no such pre- 
scription for capital accumulation, the 
initial c will be the one that causes the 
capital stock to be exhausted at the ter- 
minal date under consideration. And if 
there is no terminal date (i.e., T= œ) the 
problem becomes much trickier mathe- 
matically and, indeed, the theory of 
optimization with an infinite time horizon 
is not yet completely established. But, in 
this simple case, we can see that the only 


a The position of the economy at saab dates 
cannot be read off the phase diagram. 
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possible solution is the path that originates 
at point C and terminates at the point 
where ¢=k=0. For, the figure shows that 
all other paths that satisfy the optimizing 
conditions lead eventually to situations in 
which either c or k is negative. Since such 
paths cannot be realized, the only feasible 
optimizing path is the one that approaches 
t= k= 

This result is quite characteristic of in- 
finite horizon problems: the optimal 
growth paths, under many conditions, ap- 
proach the situation in which consumption 


and the capital stock grow exponentially . 


at a rate determined by the rate of popula- 
tion growth and the rate of technical prog- 
ress (here assumed zero), just as in this 
case. 
For finite horizon problems, it can be 
shown that the more remote the terminal 
date considered, the closer the path will 
come to the steady state position (¿= #=0) 
before veering away to either high con- 
sumption or high capital accumulation as 
the case may be. This is a version of the 
turnpike theorem. 

V. Derivation via Finite Maximizing 

Those who distrust clever, intuitive ar- 
guments, as I do, may find some comfort in 
seeing the same results deduced from the 
more familiar method of maximizing sub- 
ject to a finite number of constraints. Let 
us suppose that the entire period of T 
months is divided into ” subperiods of m 
months each. u(x, k, t) then denotes the 
rate at which profits are being earned or 
other benefits derived during the t-th sub- 
period, with x, being the value of the deci- 
sion variable during that subperiod, and ks 
the value of the state variable at its begin- 
ning. Since the subperiod is įm months long, 
the total profit earned is u(x, k, t) m. 

The rate of change of the state variable 
during the t-th subperiod is f(x, A, t). 
Then the values of the state variable at the 
beginnings of successive subperiods are 


connected by the equation 
(12) Rupr = By + fla, ke, thm. 


Finally, the finite version of our problem 
is to choose 2# values, 2, k, so as to maxi- 
mize the total profit over the entire period, 


2 u(t, hy, t)m 

tel 
subject to the » constraints (12), and to 
any boundary conditions that may apply. 
To be specific, suppose that initial and 
terminal values for the state variable are 
preassigned. These give rise to the side 
conditions 


ki = Ko 
Rutt = Kr. 


This problem is solved by setting up the 
Lagrangean function 


L = J, ula, ku thm 
tm] 


+ Dalle + fey ku mm — kan] 
1 
+ Aol Ko — ki] + ulka — Kr] 


and setting each of its partial derivatives 
equal to zero. The Greek symbols in this 
formula are the Lagrange multipliers, one 
for each constraint. We shall interpret 
them after we have completed our calcula- 
tions. 

The same Hamiltonian expression that 
we encountered before i$ beginning to 
emerge, so it is convenient to write 


A(x, ks, t) = u(t, kt, t) F Mf (Et ke, t) 


and 
L = m >) H (2, ke t) + Do Alke — Beas) 


1 i 
+ ro(Ko — ki) + wag: — Ke). 


Now differentiate and equate derivatives 
to zero: 
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ðL ð Ha, ka t) 
(13) °” owe een 
= [u(t ke t) + Agfi(ze, ke t) pn = 0 


fort=1,...,”, 
which is analogous to equation (5). And 


ðL 
E Oy ee +A — Ae = 0 
ak Ika (a, ki ) b t—i 


or 


At — Ata 
— m = ua(m, ka t 
(14) a(t, het 


+ Afalar ke t), fort = 1,...,n, 
which is the discrete analog of equation 


(6). 
Finally 
ðL 
kayı 


Thus p=), and can be forgotten. 

These equations are applicable to prob- 
lems in which time is regarded as a dis- 
crete variable. The Lagrange multipliers 
have their usual interpretation. In par- 
ticular, \; is the amount by which the max- 
imum attainable value of J u(x„ke,t)m 
would be increased if an additional unit of 
capital were to become available by magic 
at the end of the t-th period. In other 
words, A, is the marginal value of capital 
on hand at date mt. 

The maximizing conditions found pre- 
viously should be the limit of these equa- 
tions as m approaches zero and m ap- 
proaches infinity, and they are. To show 
this, we have to revise our notationslightly. 
The subscripted variables now denote the 
values that the variables have in the t-th 
period. When m changes, the dates in- 
cluded in the t-th period change also. So 
we need symbols for the values of the vari- 
ables at fixed dates. To this end, let r 
denote any date and x(r), for example, the 





=—A,tyu=0. 


value of x at that date. The connection be- 
tween x, and x(r) is easy. Any date r is in 
the subperiod numbered t where t is given 
by 

t= 1+ [r/m]. 


In this formula, | ] is an old-fashioned 
notation meaning “integral part of.” For 
example: [3.14159]=3. Then x(r) is de- 
fined by 


u(r) = X14 tr /m)s 


and similarly for the other variables. Equa- 
tions (13) and (14) can now be written in 
terms of 7: 


ui[x(r), k(r), 7] 
+ Ar)fala(r), k(n), r] a 0, 


A E A 


+ Alryfalælr), kr), 7]. 


Notice in equation (16) that ħM—ı has been 
replaced by A(r-m), reflecting that the 
beginnings of the intervals are m months 
apart. 

Equation (15) is identical with equation 
(II). As m approaches zero, the left-hand 
side of equation (16) approaches—i(z), 
taking for granted that it approaches a 
limit and applying the definition of the 
derivative. The whole equation, therefore, 
approaches equation (III). Equation (I) 
is similarly and obviously the limiting 
form of equation (12). 

Thus the basic equations of the max- 
imum principle are seen to be the limiting 
forms of the ordinary first-order necessary 
conditions for a maximum applied to the 
same problem, and the auxiliary variables 
of the maximum principle are the limiting 
values of the Lagrange multipliers. 


VI. Qualifications and Extensions 


This entire development has been ex- 
ceedingly informal, to put it kindly. The 
calculus of variations is a difficult and 


(15) 


(16) 
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delicate subject, so that a choice always 
has to be made between stating a propo- 
sition correctly, with all the qualifications 
that it deserves, and stating it forceably 
and clearly so that the essential idea can be 
grasped at a glance. The more intelligible 
alternative has been chosen throughout 
this paper since all the theorems have 
been stated and proved rigorously else- 
where in the literature.4 This choice, as it 
happens, has especial drawbacks in the 
present context because much of the virtue 
of the maximum principle lies precisely in 
the qualifications that have been sup- 
pressed: it is valid under more general con- 
ditions than the classical methods that 
yield almost the same theorems. 

As an example of the alternative mode 
of exposition, our main conclusions can be 
stated more formally and correctly as fol- 
lows: 


THEOREM 1. Let it be desired to find a 
time-path of a control variable x(t) so as 
to maximize the integral 


f "alet, x(t), t]dt 


where 
Z = f[A(t), x(t), t], 


where (0) is preassigned, and where it is 
required that k(T) > K. It is assumed that 
the functions u(k, x, t) and f(k, x, t) are 
twice continuously differentiable with re- 
spect to k, differentiable with respect to x, 
and continuous with respect to t. Then if 
x*(t) is a solution to this problem, there 
exists an auxiliary variable A(t) such that: 

(a) For each t, #*(t) maximizes H[k(t), 
x(t), A(t), t] where H(z, x, A, t)=u(k, x, t) 
+H (k, x, t); 


# For example, in Arrow and Kurz [3] and Halkin [5]. 

“The given theorem is adapted from Arrow [2], 
Propositions 1 and 2. More elaborate theorems can be 
found in that source. 


(b) A(t) satisfies 


evaluated at k=k(t), e=x*(t), A=A(t); 
and 

(c) R(T)2>K, AT)2O0, MÐ[k(T)— K] 

=0. 
This theorem applies to the type of 
problem that we have been considering, 
with the useful elaboration that a lower 
limit has been imposed on the terminal 
value of the state variable, k. Part (c) of 
the conclusion, called the transversality 
condition, arises from this added require- 
ment. It asserts that the terminal value of 
the auxiliary variable cannot be negative 
and that it will be zero if, at the end of the 
optimal path, &(T) exceeds the required 
value. 

The principle difference between this 
formal statement and our previous con- 
clusions lies in conclusion (a) of the The- 
orem. The assertion that the Hamiltonian 
function, H, is maximized at each instant 
of time is not the same as the assertion 
that its partial derivatives vanish, made 
in our equations (IT) and (I1). Equating 
partial derivatives to zero is neither neces- 
sary nor sufficient for maximization, 
though it is especially illuminating to econ- 
omists, when it is appropriate, because 
conditions on partial derivatives translate 
readily into marginal equalities. There are 
three complications that can make the 
vanishing of partial derivatives an inade- 
quate indication of the location of a maxi- 
mum. 

First, there are the so-called higher order 
conditions. First partial derivatives can 
vanish at a minimum or at a saddle-point 
as well as at a maximum. To guard against 
this possibility, second partial derivatives, 
and even higher ones, have to be taken into 
account. 

Second, the vanishing of partial de- 
rivatives, even when higher order con- 
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ditions are satisfied, establishes only a local 
maximum. It does not preclude that there 
may be some other value of the variables, 
a finite distance away, for which the func- 
tion to be maximized has a still higher 
value. For reassurance on this point, one 
must inspect global rather than merely dif- 
ferential or local properties of the functions 
involved. 

Finally, where the range of variation of 


the functions involved is limited in some’ 


manner, the maximum may be attained at 
a point where the partial derivatives do 
not vanish. This is a frequent occurence in 
economic applications, made familiar by 
linear programming. For example, it may 
be optimal for a firm with great growth 
possibilities to reduce its dividends to zero, 
though negative dividends are not per- 
missible. In terms of our formulas this 
would be indicated by finding 


OH/dm <0 forall z > 0, 


where x, denotes dividend payments per 
year at time t. H would be maximized by 
choosing *,=0, its smallest permissible 
value, although the partial derivative does 
not vanish there.!® This maximum could 
not be found by the ordinary methods of 
the calculus. Other methods are available, 
of course, for example those of mathe- 
matical programming. It is in just these 
circumstances that the maximum principle 
yields more elegant and manageable the- 
orems than the older calculus of variations, 
which is more closely akin to the differ- 
ential calculus. 

For all these reasons, the fundamental 
condition for an optimal growth path is the 
maximization of H(k, x, ^, t) at all mo- 
ments of time, and the vanishing of 0H/dx 
is only an imperfectly reliable device for 
locating this maximum. It is, however, a 
very illuminating device and contains the 
conceptual essence of the matter, which 
is why we have concentrated on it. 


` 8 Technically this is called a “corner solution.” 


‘Throughout the discussion we have tried 


- to be ambiguous about the exact nature of 


the: time paths, x(t) and A(t). We have 
treated x and k'as if they were one-di- 
mensional variables, such as the quantity 
of capital or the rate of consumption. In 
many economic problems, however, there 
are several state variables and several 


-choice variables. In such problems, it is 
‘profitable to think of x(t), A(t), their de- 


rivatives, and so on, as vectors. Then X(t) 
should also be regarded as a vector, with 
one component for each component of 
k(t). When this viewpoint is taken, all our 
conclusions and the theorem still apply 
with scarcely a change in notation. That 
is why we: were so ambiguous: it is easiest 
to think about ordinary numbers, but our 
conclusions and even most of our argu- 
ments are applicable when the variables 
are vectors. 

The last remark raises some important 
new possibilities. Many economic prob- 
lems concern the time paths of intercon- 
nected variables. For example, a problem 
may deal with the growth paths of con- 
sumption (c), investment (#), government 
expenditure (g), and income (y) in an 
economy. These four variables can be re- 
garded as four components of a decision 
vector, x, connected by an income account- 
ing identity c(#)+-i(t)+g()=y(4). Then 
the optimizing growth-path problem re- 
quires finding optimal growth paths for 
these four variables (and perhaps others) 
that satisfy the income accounting identity. 

The new feature that we have en- 
countered is the introduction of constraints 
or side conditions on the values of the de- 
cision variables. The same line of reasoning 
that we have been using applies, with the 
sole modification that when the function 
V(&, x, t) is maximized, the vector x, has 
to be chosen so as to satisfy all the side 
constraints. The algebra becomes some- 


_what more complicated but leads to con- 


clusions like those discussed above and 
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with the same economic import. In 1968, 
Kenneth Arrow derived a lucid version of 
the formal statement of the theorem ap- 
plicable to problems in which the decision 
variables are constrained. See [2, Proposi- 
tion 3, p. 90]. Of course, this argument, too, 
presumes that circumstances are such that 
the proper partial derivatives vanish at the 
maximum. 
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Money Illusion and the Aggregate 
Consumption Function 


By WuLram H. BRANSON AND ALVIN K. KLEvorIcK* 


A standard result of the theory of ra- 
tional consumer behavior in a static mone- 
tary economy is that a consumer’s demand 
functions for commodities are homo- 
geneous of degree zero in prices, money in- 
come, and money wealth.) Don Patinkin 
has defined this condition as the absence 
of money illusion. People whose demands 
for commodities would be altered by an 
equiproportionate change in all prices, 
money income, and money wealth are said 
to suffer from money illusion. 

Aggregating over all commodities pur- 
chased by the consumer, this standard 
theorem leads to the conclusion that an 
individual’s total real consumption de- 
mand is homogeneous of degree zero in 
prices, money income, and money wealth. 
Finally, aggregating over all consumers, 
this result would imply that the economy’s 
aggregate real consumption should be a 
function of aggregate real income and ag- 
gregate real wealth, but not the price level. 

Most empirical studies of aggregate con- 


* The authors are associate professor of economics 
and public affairs at Princeton University and assistant 
professor of economics at Yale University, respectively. 
The research described in this paper was partially sup- 
ported by grants from the National Science Foundation 
and the Mobil Foundation. Computation was done at 
the Princeton University Computer Center using the 
program “TSP” written by Robert Hall, with an Almon 
subroutine by Charles Bischoff. Research assistance 
was provided by Raymond Hill and Michael Murphy of 
Princeton University. The authors are indebted to 
Charles Bischoff, William Brainard, Stephen Goldfeld, 
David Grether, Edward Kane, Richard Nelson, Marc 
Nerlove, William Nordhaus, Albert Rees, Joseph Stig- 
litz, James Tobin, and Roger Waud for their helpful 
comments and criticisms. They are not responsible for 
any faults that remain in the final product. 

1 See Patinkin (18, pp. 17-23, 403-05, and passim] 
and Samuelson (20, Ch. V]. 
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sumer behavior assume this absence of 
money illusion when specifying their con- 
sumption functions. But the world in 
which consumers make their decisions and - 
take their actions is quite different from 
the static model of traditional consumer 
theory where rationality and perfect in- 
formation always prevail. First, the world 
we observe is a dynamic one. It is also one 
in which irrationality may exist in the 
short run and in which there are diff- 
culties associated with the collection and 
interpretation of reliable information. 
Hence, while in the long run we might ex- 
pect to find people free of money illusion, 
it is not so clear that in the short run we 
should expect to find consumers’ total real 
consumption demand homogeneous of de- 
gree zero in prices, money income, and 
money wealth. 

When one takes into account the lags 
that necessarily exist in processing price 
information in the real world, the case for 
price-level misperception by consumers be- 
comes strong and the a priori case for the 
existence of money illusion in consumers’ 
short-run demand functions becomes more 
convincing.’ If one were, for example, to 
estimate an equation which explained cur- 
rent real consumption as a function of 

?On the other hand, consider two economies which 
are structurally identical except that at time, t0, the 
price level In one economy Is & times the price level in 
the other. Allow both systems to run for a long time, 
and observe the parts of their respective time paths very 
far out in the future. One might be surprised if after a 
period long enough for the transient effects of the initial 
conditions to be removed from the two systems, one 
found the two systems behaving very differently. But 
it should be clear, at this point, that we are analyzing 
only the short-run relationship between consumption 
and income, wealth, and prices. 
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only current money income, money wealth, 
and prices, one would not be very surprised 
to find an inhomogeneity with respect to 
the current price variable. In fact, a crude 
test of the model presented in Section I, 
using only current values of all variables, 
yielded just such an inhomogeneity. 

We must then address ourselves to a 
basic question. If one estimates a short-run 
consumption function carefully, taking ac- 
count of distributed-lag adjustments, si- 
multaneous-equation relationships and the 
like, will the resulting short-run relation- 
ship show that money illusion is present? 
And if the price level does appear in the 
estimated equation in the form of a money- 
illusion effect, exactly how much of this 
money illusion is there? 

The usual assumption that consumers 
are free of money illusion has not been 
subjected to systematic testing.‘ As Patin- 
kin concluded at the end of his note on 
“Empirical Investigations of the Real- 


3 We estimated the consumption functions 


(7), - +5), +a(F), 


(5),- +0 (a) ta) 
+(x), Ge), 


where C is per capita consumption, F is per capita labor 
income, W is per capita consumer net worth, P is the 
price level of consumer goods, and æ is a money-illusion 
parameter. (Clearly, ~= 1 implies the absence of money 
illusion, while a=0 implies extreme money illusion in 
the Patinkin sense. See [10].) Our results indicated that 
the maxima of the likelihood functions for the two equa- 
tions were quite far from the point a= 1, being in fact 
much closer to a= 0.00 than to e=1. 

t For example, consumption functions have generally 
been estimated using either money or real values of the 
variables. Rarely is any attempt even made to compare 
the results obtained using the same specification except 
for the substitution of real for money values or vice 
versa. Two tions are studies by R. Ferber [8] and 
J. J. Arena [3], [4]. Unfortunately they did not yield 
any significant conclusions about money {lusion’s exis- 
tence. 


Balance Effect,” “There are other basic 
questions which have not been dealt with 
here. Thus it would be desirable to carry 
out a direct test of the hypothesis that 
consumers are free of money illusion. . . .” 
[18, p. 664] 

Only careful specification and examina- 
tion of a per capita real consumption func- 
tion can provide further insight and enable 
a more reasoned judgment to be made 
about the effect of the overall price level 
on consumer decisions and, in particular, 
about money illusion’s presence. In Section 
J, we formulate a consumption function, in 
the framework of the Ando-Modigliani- 
Brumberg “life-cycle” hypothesis, that 
allows the price level to play an inde- 
pendent role in determining the level of 
per capita real consumption, and we dis- 
cuss the alternative interpretations of this 
role. Fitting this function to U.S. quar- 
terly data from 1955 I-1965 IV in Section 
TI, we find that the general price level 
does, indeed, play a significant role in 
determining the level of per capita real 
consumption. Our results are shown to be 
consistent with a model which embodies a 
money-illusion effect via a distributed-lag 
adjustment to the price level or with a 
model which has the money-illusion effect 
combined with a price-expectations mech- 
anism. But the results are not consistent 
with a model which hypothesizes the com- 
plete absence of monéy illusion. We con- 
clude, then, that consumers do suffer from 
some degree of money illusion. 

Section III investigates the degree to 
which our conclusions themselves might be 
illusory because of statistical problems. 
Our consideration of these possible sta- 
tistical pitfalls leads to the conclusion that 
a significant and substantial degree of 
money illusion does exist in the U.S. con- 
sumption function. The paper concludes 
with a brief indication of the further ques- 
tions our study’s results would suggest 
should be examined. 
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I. The Specification of a Money-Illusion 
Consumption Function 


The life-cycle analysis of rational con- 
sumption behavior begins with a consumer 
who maximizes his utility function subject 
to the constraint imposed by his resources.® 
“As a result of this maximization, the cur- 
rent consumption of the individual can be 
expressed as a function of his resources 
and the rate of return on capital with 
parameters depending on age.” [2, p. 56] 
Aggregating across all consumers and then 
dividing by population, one arrives at an 
Ando-Modigliani-Brumberg life-cycle per 
capita consumption function: 


(1) S-1( 5), 


where C is per capita consumption, Y is 
per capita nonproperty income, W is per 
capita consumer net worth, and P is the 
price level of consumer goods. 

Without more detailed assumptions 
about individual utility functions and dis- 
tributional effects of changes in Y and W, 
the only meaningful restriction we can 
impose on (1) is that it is homogeneous of 
degree zero in Y, W, and P.* Therefore we 
can specify the aggregate consumption 
function (1) in multiplicative form as: 


di ba 

@ AnA G) 

Pi, Pj \P7i: 
If money illusion exists, however, the price 
level should have an independent effect 
on the level of C/P. Letting c denote real 
consumption, y denote real net labor in- 
come, and w denote real consumer net 


worth, all on a per capita basis, the con- 
sumption function in the presence of 


5 See Modigliani and Brumberg [15], [16] and Ando 
and Modigliani [2] for the development of the life 
cycle hypothesis of saving. 

€ eet p. 58]. Ando and rpe present a much more 

careful derivation, based upon carefully enunciated 
assumptiona, of their linear “life-cycle” hypothesis 
model. See pp. 56-62 therein 


money illusion then takes the form 
(3) ce = bo (P) (wP). 


This log-linear specification, (3), can be 
justified by noting that beyond requiring 
that the form chosen possess a certain set 
of characteristics, the choice of a particu- 
lar form for a consumption function is an 
arbitrary process. One should, for example, 
ensure the proper signs and magnitudes of 
relevant partial derivatives—marginal 
propensities to consume out of labor in- 
come and out of wealth that are positive 
and less than unity. The signs and mag- 
nitudes of these marginal propensities can 
only be checked ex post, although we can 
assure the reader that the estimates we ob- 
tain do meet these prior specifications. 

In logarithmic form, the consumption 
function in (3) can be rewritten as 


(4) In c, = bo + biln yi + baln w + biln Py. 


With the consumption function written in 
this form, if there is no money illusion in 
the Patinkin sense, we have b=0, and 
real consumption depends only on real net 
labor income and real consumer net worth. 
On the other hand, if there is money 
illusion in the Patinkin sense—a propor- 
tional increase in money income, money 
wealth, and the price level leads to an 
increase in the level of real consumption— 
we have b;>0. 

There is, however, no reason to expect 
consumers to react instantaneously, that 
is, within one quarter, to changes in real 
income, real wealth, or the price level. It 
is much more plausible to suppose that 
consumers react with a lag to changes in 
these independent variables. Alternatively, 
one might think it plausible that in making 
their real consumption decisions in a par- 
ticular quarter, consumers consider an 
average of recent experience with regard to 
the consumption determining variables. 
Thus, we will rewrite (4) to allow for the 
possibility of distributed-lag adjustments 
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to income, wealth, and prices. Using this 
distributed-lag model, the basic equation 
to be estimated is the following: 


I J 
Inc, = Bot D yiln yis + D by ln wy 
0 j= 
(5) R 
+D min Pate 
k=0 


Before going on to estimate the money- 
illusion consumption function (5), it will 
be useful to discuss the interpretation of 
the price term, 


K 
Z Ne In Pi 
kæp 


and to make clear its role in testing the 
no money-illusion hypothesis. There are at 
least three ways in which a price-level 
effect might make its appearance in our 
basic equation. Since money illusion rep- 
resents only one such effect and since these 
three possibilities are not mutually ex- 
clusive, it is important to show how one 
can determine whether money illusion is 
present in consumer behavior. It will be 
helpful in examining these three effects 
to write the basic equation in multiplica- 
tive form, equation (6). We see that the 
first type of price effect possible is the case 
of pure money illusion in the Patinkin 
sense. Instead of basing their consumption 
decisions on real income and real wealth, 
consumers modify the deflating factors of 
income, 


I 
JI Pci, and wealth, 


J 
35 
II Pri, 
tm j=0 


by multiplying their product by 


K 
TI Pra #1. 
km0 


p a BGE 
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When prices, money income, and money 
wealth all increase proportionately, con- 
sumers notice the income and wealth in- 
creases more than they do the price level 
rise, and increase their real consumption. 
Hence, in the case of pure money illusion 
we would have 


K 
Lm >0: 
bmd 


consumers exhibit money illusion via a 
distributed-lag adjustment to the price 
level. 

Suppose, in contrast, that consumers do 
not suffer from money illusion, but that 
there is a price-expectations mechanism at 
work. That is, the real consumption func- 
tion takes the form 


(7) G&S Ei Wijs Pi), 


where ys is a vector of recent real income 
experience, w:_,; is a vector of recent real 
wealth experience, and P$ is a vector of the 
consumers’ expectation of future price 
levels. The hypothesized behavior lying 
behind such a function is that if consumers 
expect prices to rise in the future, they 
will restructure the time pattern of their 
consumption by moving consumption from 
the future toward the present. Then, if 
their expectations are realized, they will re- 
duce their consumption in the future.’ 

Price expectations, the vector Pi, could 
be formed in several different ways. There 
are two formation processes on which we 
will focus here in order to see how a money- 
illusion effect can be identified. They are 
expectations derived on the basis of recent 
price level experience, 


T See Power [19] for a further discussion of the role of 
the intertemporal substitution effect, price expectations, 
and the real-balance effect. 
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(8) Py = (Pia), 


where Ps is the vector of recent price 
experience, and expectations based on re- 
cent observations of the rate of change of 
the price level, 


(9) Pi = As(AP, 2), 


where AP» is the vector of recent price 
change experience. 

Considering the level-based expectations 
mechanism first, in terms of our log-linear 
consumption function P? would have to 
enter into the consumption decision in the 
form of a product of the P,_,’s, 


K 
II Pih, 
heme) 


with the weights summing to zero. The 
weights must sum to zero because of the 
purely allocative role of the price-antici- 
pations mechanism and because in a steady 
state with P,,= P; for all t, Pf must have 
no effect on the consumption decision as 
represented in (7): prices will not be 
changing. In the case of a pure level-based 
price-expectations mechanism and no money 
illusion, we would have 


K 
2 m = 0. 
km0 


On the other hand, if consumers’ price 
expectations were formed on the basis of 
recent price-level changes as in (9) (re- 
ferred to here as change-based expecta- 
tions), a log-linear consumption function 
would take the form of equation (10), 
where the price ratios represent the rates 
of change indicated in equation (9). In this 
case, the purely allocative role of expecta- 
tions about future prices implies that the 
sum of the #, parameters should be zero. 


I J 
(10) je | U zéll Uet 
i=0 


j=0 


Note, moreover, that the consumption 
function in equation (10) is consistent with 
the behavior we should expect in a steady 
state. If there exists a steady state, so that 
prices do not change from one period to the 
next, the P$ argument should disappear 
from the function in (7). This is precisely 
what equation (10) indicates would hap- 
pen, since with P= P, for all t, each 
Py4/P++-1 ratio would equal unity and 
we would have 


By l Yi T (2) “4 
to = e | 1 x] II why * 
tom jm0 
The question remains as to how we 
should expect the estimated price coef- 
ficients in equation (5) to appear if there 
is no money illusion but the change-based 
price-expectations mechanism just de- 
scribed exists. The answer is really quite 
simple. Writing (10) in logarithmic form, 
we have 


I 
ln c = Bo + L yilin Ve 
im 


J 
+ L 8; In Wey 


fmed 
K—1 
+ 2 0 (in Pre — in Pisi) 


Een 


+ Et. 


(11) 


But the price term can be written as 


x-1 
>D 8; (in Pes — in Piti) 
ke O 


(12) K~\ 
= ĝa In P, + Do (Oe — Ori) In Pr 


kaal 


` = Ox—1 ln Per. 


Therefore, if we estimate (5) and the true 








liGayr 
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model is one of pure change-based price- 
expectations and absence of money illusion, 
that is (10), we would have 


K 


(13) 2am = G+ EO 


basal 0x1 = 0. 


Thus, in the case of a pure change-based 
price-expectations model and no money illu- 
ston, we would have 


k 
> m = Q. 
kn 


This discussion shows that estimation of 
the basic equation (5) will yield an un- 
ambiguous test of the no money-illusion 
hypothesis. If money illusion is present to 
some degree, we should find 


x 
Dm 
ket 


positive and significantly different from 
zero. If, on the other hand, the true model 
is one in which money illusion is absent we 
should find that 


x 
2m 
bend 


is not significantly different from zero. It 
should be stressed that we cannot dis- 
tinguish between (a) a model in which 
money illusion is present but there is 
neither a level-based nor a change-based 
price-expectations mechanism at work, 
and (b) a model in which money illusion is 
present and such price-expectations mech- 
‘anisms are also operative. Ideally, one 
would like to distinguish among the fol- 
lowing alternative deviations from the 
standard static model of consumer be- 
havior: (1) the existence of only pure ex- 
pectations mechanisms, (2) the presence 
jof only short-run money illusion, and (3) 
the existence of a combination of some ex- 
pectations mechanism and money illusion. 





The statistical estimation and tests to 
which we now turn enable us to distinguish 
alternative (1) from alternatives (2) and 
(3), but we are unable to distinguish be- 
tween the latter two possibilities. 


I. Estimation of the Money-Iluston 
Consumption Function 


The money-illusion consumption func- 
tion, equation (5), will now be estimated. 
Section III will then consider various po- 
tential problems involved in the estimation 
procedure, for example, common trends, 
simultaneity, and so on. 

The data used are U.S. quarterly series 
on real consumption per capita, c, real net 
labor income per capita, y, real consumer 
net worth per capita, w, and the price level, 
P, for the period 1955-I to 1965-IV. These 
data are described in more detail in the 
Appendix. 

The Consumer Price Index (CPJ) (1958 
= 100) was chosen as the price variable, P, 
since it represents the set of prices most 
relevant to the consumer’s buying decision. 
Use of the principal alternative price vari- 
able, the consumption deflator, would cre- 
ate a statistical difficulty since the current 
value of the price term would be the de- 
flator of the dependent variable, con- 
sumption. The denominator of the left- 
hand side of the regression equation would 
then appear in the numerator of the right- 
hand side of that equation. This would 
cause the coefficient of the current price 
variable to be negative, and, since the price 
series is serially correlated, it would also 
reduce the coefficients of other recent 
values of the price variable, all due to a 
statistical aberration. The CPI, of course, 
has its drawbacks as well.® 


* For example, being a Laspeyres price Index, it is 
subject to the customary catalogue of criticisms that 
can be levelled at such a fixed-weight-base index. In 
particular, it does not take accurate account of changes 
in the market basket that result from changes in the 
relative prices of commodities, and it does not provide 
an adequate means for coping with the introduction of 
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Given the different shortcomings of the 
alternative price indices, what is crucial is 
that our results concerning the significance 
or insignificance of the price term in the 
consumption function should be indepen- 
dent of the choice of index. The CPI will 
be used as the price variable on the right- 
hand side of the basic equation (5), but we 
will also show the result of substituting the 
consumption deflator and the deflator for 
personal consumption expenditures—in- 
dexes in which price relatives receive shift- 
ing weights in proportion to the expendi- 
tures incurred each year for the goods and 
services they represent. We can assure the 
reader that this substitution does not af- 
fect the qualitative results of our study. 

The data on consumption, income, 
wealth, and prices will be used in estimat- 
ing the basic distributed-lag consumption 
function equation (5), shown previously. 
An I quarter lag distribution assigns non- 
zero values to the coefficients of the vari- 
able lagged 0, 1,...Z—1 quarters and a 
zero value to the coefficients of the variable 
lagged I, J+1,... quarters. Since the 
basic equation is linear in natural log- 
arithms the estimated coefficients are, of 
course, estimates of the elasticity of real 
consumption demand with respect to 
changes in y, w, and P. 

Each of the independent variables is 
entered in the form of a distributed lag 
with current real consumption per capita 
dependent on current and past values of 
the independent variables. The distribu- 
tions of the coefficients of these lagged in- 
dependent variables, which show the time 
shape of response of c to changes in y, w, 
and P, are estimated using the flexible 
Almon interpolation technique.’ This 


new commodities or quality changes. For an excellent 
discussion of the problems associated with the CPI 
as a price Index, see National Bureau of Economic Re- 
search (22, especially Ch. IV]. 

? See Almon [1] for the basic theory. Almon, Bis- 
choff [5] and Modigliani and Sutch [17] have all used 
the Almon technique extensively. 


method takes the lagged values of each of 
the independent variables as a set and 
estimates a separate smooth distribution of 
coefficients for each variable, subject only 
to the constraint that the coefficients be 
interpolated from Lagrange polynomials of 
a given degree. 

Since two critica] values might be needed 
to capture the lag distribution on the price 
terms if the purely allocative level-based 
expectations hypothesis discussed in Sec- 
tion I were correct, third-degree poly- 
nomials are used in estimating the co- 
efficients of the price terms in (5). We will 
also use third-degree polynomials in es- 
timating the distributed lags of income and 
wealth in (5). The freedom this accords to 
the shape of the distributions of the in- 
come, wealth, and price coefficients will en- 
sure that our results do not come from the 
imposition of monotonic lag distributions 
on the coefficients.!° 

Since changing the lag length on one 
variable in (5) will usually affect the co- 
efficients of all terms, searching for the 
optimal lag length on all three variables is 
a fairly complex procedure. In addition, 
there can sometimes be a conflict between 
criteria for determining the best lag length: 
overall goodness of fit, significance of the 
last coefficient, shape of the lag distribu- 


10 The Almon technique permits the user to constrain 
the coefficient of the value of the independent variable 
one period forward, for example, In 4.41, to equal zero, 
and/or to constrain the distribution of coefficients to 
taper off gradually to zero at the far end, e.g., as $ ap- 
proaches J, by setting the last coefficlent equal to zero. 
Since we do not want to exclude the possibility of con- 
vex monotonically decreasing lag distributions, we will 
not apply the zero constraint to the coefficients of the 
one-period ahead values of the independent variables. 
But since we expect the coefficient distributions, what- 
ever their shapes, to approach zero gradually rather 
than abruptly, as the relevant variable values recede 
into the past, we will constrain the distributions to taper 
off gradually. This constraint will smooth the distribu- 
tion somewhat and it should yield the same length 
“best” lag distribution as would unconstrained estima- 
tion. Our estimated equation is virtually the same in 
both the constrained and unconstrained versions, as a 
glance at fn. 12 will confirm. 
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tion, and so on. We began by setting lag 
lengths 7, J, and K in (5) all at four quar- 
ters, and then experimented with changes 
in those lengths. 

With I= J=K=4 in the initial estimate 
of (5), the price coefficients were all posi- 
tive with a significant sum. Only the cur- 
rent wealth coefficient was at all signifi- 
cant, and the income lag was obviously too 
short—the coefficient of y,- was signif- 
icantly positive. We therefore lengthened 
the lag distribution on income and short- 
ened that on wealth until we reached the 
first equation shown in Table 1, in which 
I=7; J=1; K=4. Table 1 lists the co- 
efficients of each equation horizontally, 
with the first number for each variable 
giving the lag length and the second the 
sum of the coefficients in the lag distribu- 
tion for that variable, with the standard 
error of the sum in parentheses. Figure 1 
shows the lag distribution of the coef- 
ficients of In y and Im P in Table 1 equa- 
tions 1-1 through 1-4. 

The regressions that led to equation 1-1 
from the initial 4-4-4 specification showed 


that while the current wealth term was 
highly significant in all cases, lagged wealth 
terms were uniformly insignificant, and 
always quite near zero, whenever the 
wealth lag was extended beyond one quar- 
ter. This might be expected because (a) 
the wealth series is highly autocorrelated, 
and (b) one might expect a weighted 
average of past labor incomes to be collinear 
with the wealth of very recent periods. 
Equation 1-1 with the income lag at 
seven quarters and the price lag at four 
quarters shows that the coefficients of all 
three explanatory variables are highly sig- 
nificant. The income lag, in Figure 1, is 
positive and monotonically declining, while 
the price lag is positive in the shape of an 
inverted U. Extending the length of the 
price lag gave us equations 1-2 to 1-4 of 
Table 1. The effect of lengthening the price 
lag, as can be seen in Figure 1, was to 
change its shape from a significant in- 
verted U to a significant monotonically 
declining distribution. But, as is shown in 
Table 1, the sum of the price coefficients 
rises only slightly, from 0.411 to 0.418, 


TABLE 1—EstmraTion oF THE Basic MONEY-ILLUSION CONSUMPTION FUNCTION 





Text Equation (5) 
Independent Variables 
ln In w In P 

Constant, = Jom K Sn, Bt SEXI DW. 
—1.937 7 0.647 1 0.136 4 0.411 .9982 .3006 1.727 
(0.115) (0.042) (0.036) (0.036) 
—1.945 7 0.658 1 0.129 0.415 9982 .2980 1.756 
(0.114) (0.044) (0.036) (0.036) 
~1.952 7 06.662 1 0.126 0.418 .9983 .2964 1.755 
(0.113) (0.044) (0.033) (0.036) 
—1.953 7 0.6651 1 0.127 0.418 .9983¢ .2964 1.757 
(0.114) (0.043) (0.036) (0.036) 
—1.%1 8 0.659 1 0.132 0.413 .9982 .2990 1.746 
(0.117) (0.046) (0.035) (0.036) 
—1.943 8 0.658 1 0.133 0.413 .9982 .2988 1.744 
(0.118) (0.046) (0.035) (0.036) 
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Foure 1. DISTRIBUTION OF COEFFICIENTS OF 
In 44 AND in Pia IN TABLE 1 EQUATIONS 
1-1 ro 1-4 


while the entire distribution becomes more 
significant. Lengthening the price lag from 
four to seven quarters leaves the income 
and wealth coefficients substantially un- 
changed. It does, however, reduce the 
standard error of the estimate of real con- 
sumption per capita from $5.03 in 1-1 to 
$4.99 in 1-4, compared with an average per 
capita consumption of $1,837, and it raises 
the Durbin-Watson statistic from 1.73 to 
1.76, both well above the range normally 
encountered in this type of time-series 
estimation when no lagged dependent vari- 
ables are explicitly included. 

When the lag on the wealth variable was 
extended in any of the Table 1 equations, 
the coefficients of all wealth terms but the 
current one were completely insignificant. 
The ratio of their sum to its standard error 
was less than the t-ratio of w, alone in the 
unlagged version while the income and 
price coefficients and the equation sta- 
tistics in these regressions were not signif- 
icantly different from those of equation 
14, This evidence led us to include only 


the current value of wealth in our equa- 
tions. 

Equation 1-4 of Table 1 has been 
chosen as our best estimate of the money- 
ilusion consumption function. While it is 
only marginally superior to equations 1-1 
to 1-3 in a statistical sense, it does have 
more significant coefficients in both the in- 
come and price lags, a lower standard 
error than that of 1-1 and 1-2, and a 
higher Durbin-Watson statistic. Also, if 
one believes that real consumption de- 
pends on present and lagged values of 
money income with each value deflated by 
a corresponding misperceived price level, 
then one would think that the price lag 
and income lag should be roughly the same 
length since the variable really moving 
consumption is incorrectly deflated in- 
come, 

Our choice of 1-4 as the estimate of the 
money-illusion consumption function is 
buttressed by the fact that when we ex- 
tend the lags on income and price beyond 
seven quarters, the standard error rises 
again, the Durbin-Watson decreases, and 
the significance of both the income and 
price lags falls. Two examples of the effect 
of extending these lags appear in equa- 
tions 1-5 and 1-6. Furthermore, equation 
1-6 with an eight-period lag on both price 
and income is better than equation 1-5 
which has a seven-period price lag and 
an eight-period income lag. This tends to 
support the belief that the price and in- 
come lag should be the same length. 

The final equation for the money-illusion 
consumption function is, then, 


7 
(14) In c = — 1.953 + 2, y:n + 
“et 0.114) 2 EENS 


u It is interesting to note that with monotonically 
declining lag distributions of equal length on both price 
and income, the money-illusion consumption function 
could reflect an adaptive adjustment process with real 
consumption following incorrectly deflated Income in 
the manner suggested by Koyck [11]. See Griliches [9] 
for a review of the Koyck and similar models. 


| 
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7 
+ 0.127 In w, + n in P 
00369 x a 
R? = 9984; S.E. = .002964; D.W. = 1.757. 


The standard error of predicted c implied 
by (14) is only $4.99 compared with a 
mean c of $1,837. 

The coefficients of lagged per capita in- 
come, y; and lagged price, n+, are plotted 
in Figure 1 and listed in Table 2. The 
coefficients of real net labor income lagged 
zero to six quarters sum to 0.661 in our 
final equation. This is the elasticity of per 
capita real consumption with respect to 
changes in per capita real net labor income. 
The implied marginal propensity to con- 
sume is .71 at 1965-IV levels of $2,118 for 
per capita consumption and $1,964 for 
per capita income. Similarly, the per capita 
real wealth coefficient and elasticity is 
0.127, giving a marginal propensity to con- 
sume out of real net wealth of .024 at 
1965-IV per capita wealth of $11,160. 
These marginal coefficients can be com- 
pared with the Ando-Modigliani values of 
.70 and .06 on income and on wealth. 

The more interesting coefficients are 
those of the current and lagged values of 
the CPI. While the exact shape of the price 
lag is not completely clear, as a glance at 
Figure 1 can show, in all the versions of 
the money-illusion consumption function 
shown in Table 1, the sum of the price 
coefficients is between 0.411 and 0.418— 
the difference of .007 is completely in- 
significant. Furthermore, the sum of the 


2 Reestimation of text equation (14) without the 
constraint that the distributions of the coefficients of 
in 4; and In Pes taper off to zero as $ and & approach 
7 does not significantly change the equation. The in- 
come Jag in the unconstrained equation has a coefficient 
gum of 0.662 with a standard error of 0.045; the co- 
efficient of In 4-5 is —0.003 with a standard error of 
0.058. The price lag has a coefficient sum of 0.431 with 


| a standard error of 0.039; the coefficient of In Py is 


0.045 with a standard error of 0.094. The coefficient 
of is w, is 0.115 with a standard error of 0.038. R=: 
9983; S.E. = 003001; D.W. = 1.783. 
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TABLE 2—COEFFICIENTS OF Is Jri AND in Pry IN 
Equation 1-4 or TABLE 1, Texr EQUATION (14) 


Coefficient of 
Lag (i, k) 
In Ha In Pra 
0 0.274 0.100 
(0.046)* (0.082) 
1 0.151 0.093 
(0.015) (0.029) 
2 0.081 0.080 
(0.021) (0.047) 
3 0.048 0.063 
(0.018) (0.039) 
4 0.039 0.044 
(0.013) (0.023) 
5 0.038 0.026 
(0.019) (0.029) 
6 0.030 0.010 
(0.019) (0.032) 
7 0 0 
Sum 0.661 0.418 


Standard error of Sum (0.043) (0.036) 


* The numbers in parentheses are the standard errors 
of the coefficients. 


price coefficients is highly significant in all 
versions of the equation; >; nz is never 
less than eleven times its standard error. 
Thus real consumption rises when the 
CPI rises, real income and wealth being 
held constant, with an elasticity of 0.418 
in our final equation." If the CPI rises by 
1 percent (not percentage point) consump- 
tion rises by 0.418 percent, or, at 1965-IV 
levels, $8.85 (in 1958 dollars). 

This sensitivity of real consumption to 
the price level in our log-linear specification 
of the consumption function will, of course, 
lead to the conclusion that real consump- 
tion will exceed Gross National Product 
(GNP) if prices rise relative to real income 

4% This positive value for 3c/ðP represents the pres- 
ence of money illusion in the sense of the traditional 


Patinkin experiment—double all prices, money income 
and money wealth and see if real consumption rises. 


\ 
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and real wealth for a long enough period of 
time. It should be recalled at this point, 
though, that the relationship (14) pre- 
sents is a short-run consumption function, 
without any necessary long-run implica- 
tions for rationality or money illusion.’ 

To ensure that our results concerning 
the significance of the price variable in 
determining real consumption per capita 
are not sensitive to the use of the CPI as 
the price variable, we reestimated equa- 
tion (14) using first the consumption de- 
flator and then the deflator for personal 
consumption expenditures as the price 
variable. The use of these deflators leads 
one to observe the statistical artifact men- 
tioned at the beginning of this section. In 
both equations the distribution of the price 
coefficients had the shape of an inverted U 
with the coefficient of the current value of 
the price variable insignificantly negative 
and that of In P, insignificantly positive. 
Our qualitative conclusions derived from 
(14) were not, however, affected by either 
of these reestimated equations.’ 

Finally, to test the sensitivity of our re- 
sults to the particular income series used, 
we also reestimated (14) using disposable 
personal income per capita deflated by the 
consumption deflator in place of real net 
labor income per capita. As was the case 
with the price variable, our qualitative 


. conclusions, particularly those concerning 


the role of prices in determining real con- 


4 As it stands, the objection that raising prices rela- 
tive to income and wealth for a long enough time leads 
to absurd results simply says that if we extrapolate our 
results sufficiently far beyond the data the results be- 
come invalid. This is not a surprising result. 

12 The coefficient sum of the consumption deflator 
was 0.332 with a standard error of 0.042; the coefficient 
sum using the deflator for personal consumption ex- 
penditures was 0,366 with a standard error of 0.043. 
The income and wealth coefficients in both equations 
were not significantly different from those of (14). In 
both cases the standard error of estimate was slightly 
higher than that of (14) and the Durbin-Watson statis- 
tic was lower, suggesting that the CPJ may well be, in 
fact, the correct price series to use. 
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sumption, were not sensitive to the choice 
of income series.16 

The results presented in this section 
show that the price level has a significant, 
independent, positive effect on the level of 
per capita real consumption. When prices, 
money income, and money wealth rise in 
the same proportion, real consumption 
rises. We interpret this result as evidence 
that there exists a significant degree of 
money illusion in the economy in the short 
run. 
As the discussion in Section I showed, 
the price level might also affect the level of 
real consumption through a price-expecta- 
tions mechanism. But it was also shown in 
that section that the conclusive test for the 
presence or absence of money illusion in 
our specification of the consumption func- 
tion was whether or not >> ną, the sum of 
the price coefficients, was positive and 
significantly different from zero. Since the 
estimates in this section lead to the con- 
clusion that the sum of the price co- 
efficients in (5) is significantly positive, our 
results are inconsistent with either a pure 
level-based or a pure change-based price- 
expectations hypothesis. 

Further evidence supporting this con- 
clusion can be obtained by looking at the 
effect of explicitly imposing the constraint 
that the sum of the price coefficients in (5) 


_is zero. As the discussion in Section I 


showed, this restriction is imposed if one 
estimates equation (15) instead of (5): 


I J 
In c = Bo + Do yi ln Yei + 2 ô; In wig 
0 
(15) 
x- 


+ ¥ ain 
6 


Pre 





+ Ét. 


tl 


z As expected, substituting real disposable personal 
income per capita for real net labor income per capita 
slightly raised the sum of the income coefficients to 
0.678, and reduced the wealth coefficient to 0.082. It 
also reduced the sum of the CPI price coefficients to 
0.338 with a standard error of 0.029. 
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Setting [=7, J=1, and K-1=6, the ap- 
propriate lag lengths determined by our 
earlier work, we obtained the following 
estimates: 


B 0.678 
(0.066) K-1 6 
—0.004 
I 7 b (0.643) 
Ly, 0.533 R 0.9918 
(0.092) 
J 1 5.E.X10 .6416 
žo 0.453 DW. 0.817 
(0.049) 


The standard error of this estimate of (15) 
is more than twice that of our final equa- 
tion (14), and the Durbin-Watson statistic 
is only 0.82, strongly suggesting that the 
equation has been misspecified. 

That this estimate of (15) is significantly 
inferior to the money-illusion consumption 
function, equation (14), can also be seen 
from the following analysis of variance. 
The sum of squared residuals in (14) is 
.3163X 10-4; that in the estimate of (15) 
is .1482X 10-2. With forty-four observa- 
tions and eight regression variables in each 
equation, we have 


1.4820 — .3163 
—— = 132.7 
3163/36 


to test the significance of the effect of the 
added restriction that >> n» is zero. Since 
F(1, 36)=7.39 at the 1 percent level, it is 
clear that constraining >> to equal zero 
significantly worsens the explanatory 
power of the equation.” 

This estimate of (15) and the corre- 
sponding F-test provide additional evi- 
dence that we are not observing simply a 
pure price-expectations mechanism. There 

1A search for the “best fitting” estimate of (15) 
yielded an equation with an eleven-quarter income lag 
and a seven-quarter price lag. The estimate of (15) with 
I=11, J=1 and K-1=7 fits better than the one pre- 
sented in the text but still has a standard error nearly 
twice that of any of the equations in Table 1, and a 
Durbin-Watson statistic less than unity. Its F-test 
performance was correspondingly poor as F (1, 36) was 
104.9. 


F(1, 36) = 


may be a price-expectations mechanism at 
work in the determination of real con- 
sumption, but if there is, it is operating in 
conjunction with the existence of money 
illusion. 


III. Statistical Problems of Trend, 
Cycle, and Simultaneity 


This section reports briefly on several 
further tests of the money-illusion con- 
sumption function, equation (14), which 
were conducted to ensure that our results 
are not seriously affected by problems of 
time and timing: trend interrelationships 
among variables, cyclical factors in the 
economy, and simultaneous equations bias. 


Trend Relationships Among Variables 


In any time-series regression analysis 
there exists the possibility that a spurious 
fit may be obtained due to the fortuitous 
presence of trends in both dependent and 
independent variables. While the Durbin- 
Watson statistic of equation (14), 1.76, 
suggests that we have captured more than 
a trend relationship, we performed a direct 
test of the role of time trend in our results 
by regressing In c/ct the natural log of con- 
sumption deviations from trend on similar 
transformations of the income, wealth and 
price variables.1® This is, of course, equiva- 


18 We should note that if the CPI has a spurious up- 
ward trend due to its inadequacy in observing quality 
changes and the introduction of new products, and if 
this effect somehow underlies the results in Section TI, 
then the sum of the coefficients of the price term in the 
deviations-from-trend equation should be insignificant. 
Also, if the changing age distribution of the population 
was increasing the aggregate propensity to consume, 
and if this movement was being picked up by the trend 
in our price variable, the sum of the price coefficients in 
the deviations-from-trend version should be insignifi- 
cant. In fact, the percentage of all families with head 
aged 15-25 has been growing, but the average income of 
these families is only about 75 percent of the national 
average. Hence the effect of this population drift on the 
propensity to consume is ambiguous in any event. 
Branson and Thurow in an unpublished paper [7] have 
concluded that changing population distribution, in 
the period 1950-1970, has little effect on the aggregate 
propensity to consume. 
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lent to simply adding time to equation (14) 
as an independent variable. 

Equation 3-1, Table 3, shows the result 
of reestimating the money-illusion con- 
sumption equation (14) using deviations 
from trend. The format of Table 3 is the 
same as that of Table 1 except that since 
lag lengths are fixed at [=7, J=1, K=7, 
they are not shown. This deviations-from- 
trend version of the consumption function 
explains 95 percent of the variance of the 
deviations of consumption from its log- 
arithmic trend. All the independent vari- 
ables are significant. In particular, the sum 
of the price coefficients is still significantly 
positive, 2.7 times its standard error, in- 
dicating that real consumption per capita 
is positively related to the price level both 
along trend and in deviations from trend. 


Price Movements and the GNP Gap 


Another potential role of the price level 
in determining consumption, besides the 
existence of money illusion or the existence 
of price-expectations mechanisms, could be 
the presumed correlation of price move- 
ments with employment and distributional 
factors in the business cycle. It might be 
possible, for example, that as aggregate 
demand rises relative to potential output 
and unemployment falls, prices rise. The 
falling unemployment rate could increase 
the income of low-income families with 
higher-than-average consumption propen- 
sities, shifting the per capita consump- 
tion function (of income and wealth alone) 
up. If this movement were generally as- 
sociated with rising prices, and vice versa, 
we might find prices significant in the con- 
sumption function due only to this dis- 
tributional effect associated with a di- 
minishing GNP gap. 

Two points can be made to counter this 
hypothesis. First, balancing the increased 
income at the lower end of the income 
distribution is the well-known tendency 
for the profit share to rise in a cyclical up- 


swing, shifting income to families with pre- 
sumably lower-than-average consumption 
propensities.’® Second, the correlation be- 
tween price movements and the ratio of 
actual to potential real GNP is not all 
that clear in the period over which our 
consumption function was estimated,?° 
To test directly the hypothesis that our 
price terms only reflect cyclical effects, we 
reestimated the money-illusion consump- 
tion function (14) adding the natural 
logarithm of the ratio of actual real GNP 
to potential real GNP as a variable. If 
the hypothesis is correct, the price term is 
merely a proxy for the closing of the GNP 
gap and inserting this new variable into 
the equation should greatly reduce the 
sum of the price coefficients and the sig- 
nificance of that sum, while assigning a 
significantly positive coefficient to the ac- 
tual real GN P/potential real GNP variable. 
Equation 3-2 of Table 3 gives the re- 
sult of this test. The variable y/yp is the 
ratio of actual real GNP to potential real 
GNP. The rejection of the hypothesis that 
the price term is merely reflecting cyclical 
movements through a Phillips’ curve mech- 
anism is clear. While the cyclical GNP 
variable has a positive and nearly sig- 
nificant coefficient, the sum of the price 
coefficients is raised, not reduced, by the 
introduction of this cyclical variable. 


Simultaneity Among Consumption, Income, 
and the CPI 


Our consumption function is, of course, 
in reality part of a simultaneous system 
explaining aggregate consumption, income, 


19 See Kuh [12] for evidence on the cyclical behavior 
of the profit share. 

* The period 1955 TV to 1958 II saw actual/potential 
GNP fall from 1.05 to 0.94 while the CPI rose from 
93.5 to 100.0, a 7 percent increase. In the period 1961 I 
to 1965 IV, however, while actual/potential GNP rose 
from .94 to 1.03, the CPI rose from 103.9 to 111.1, still 
only 7 percent. See Kuh [13] for a recent criticism of the 
Phillips’ curve explanation of price level determination. 

% Potential GNP was computed following the Council 
of Economic Advisers’ formulation. See [21, pp. 60-63]. 
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TABLE 3—Tests or STATISTICAL PROBLEMS OF TREND, CYCLE, AND SIMULTANEITY 
Equation Dependent Constant Independent Variables Statistics 
in y/o liw/ot In P/Pt R è SEXI DW. 
3-1 In (c/ct) 0.001 0.559 0.135 0.300 0.9496 .3337 1.430 
(0.001) (0.055) (0.040) (0.110) 

Iny ln w InP  lny/yp 

3-2 Inc —2,204 0,602 0.139 0.473 0.078 0.9984 .2900 1.887 
(0.191) (0.056) (0.036) (0.049) (0.048) 
bn Sr In Yii in w Inb, in Pya 

33 hsc —1.800 0.122 0.510 0.182 —0.204 0.566 0.9980 .3301 1.794 
(0.137) (0.102) (0.102) (0.041) (0.139) (0.127) 

3-4 Ine —1.892 0.223 0.407 0.159 0.393 0.9977 .3434 1.751 
(0.131) (0.092) (0.089) (0.041) (0.042) 


and price determination. Because of the 
simultaneous relationships truly at work 
in this system, the error term in our con- 
sumption function (5) may be positively 
correlated with the contemporaneous 
values of y and P in that equation, biasing 
upward the estimates of the coefficients of 
these contemporaneous terms and down- 
ward the estimates of all the other co- 
efficients. 

We suspect an upward bias in the co- 
efficient of im y, in the consumption func- 
tion (14) because of the close connection of 
c and y, through the usual national in- 
come accounts identity which appears in 
such simultaneous models. The coefficient 
of In P, is, however, less suspect because it 
is likely that prices in this quarter are 
mainly determined nonsimultaneously by 
events in previous quarters, through mark- 
up pricing procedures and the like. This 
leads us to consider In P, a predetermined, 
rather than a simultaneously determined, 
variable. Furthermore, there is no reason 
to expect past income, past prices, or 
current wealth to be determined simul- 
taneously with current consumption. 

To test the extent of such simultaneous 


equations bias, we employed the instru- 
mental-variable technique.” Total labor 
income, ny, and the price level, P, were 
each regressed on a set of instruments, and 
then the resulting instrumental-variable 
estimates 4,=(#/n), and Ê, were used 
to replace y, and P, in estimating the basic 
equation (5). First, we reestimated (5) 
replacing In Yy ..., In Yie by In Je, 


In Yes ..., Im Ye and similarly re- 
placing In P,,..., In Pes by In B,, 
in Pyi,..., in Py». The coefficients of 


income and price lagged t—1 to t—6 were 
estimated using the Almon technique with 
a third-degree polynomial lag distribution 
while In 9, and In P, were entered sep- 
arately into the regression.. The resulting 
estimate is equation 3-3 in Table 3. The 
coefficients listed under In y+; and In Pt. 
in 3-3 are the sums of the coefficients of 
the variables lagged i to 6 quarters. 

In equation 3-3 the sum of the coef- 


% See Malinvaud (14, pp. 604-08] for a discussion of 
the instrumental-variable technique. 

3 The instrumental-variable equations relating ny 
to current and lagged money supply, government ex- 
penditure, investment, and net exports, and relating 
P to current and lagged wage and profit rates are shown 
in the Appendix. 
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ficients of In y is 0.632, slightly less than 
the sum 0.661 in the consumption function 
estimate (14). The In 4, coefficient alone is 
07122 as opposed to-0.274 in (14), although 
this comparison is not strictly legitimate 
since the Im y, coefficient in (14) is con- 
strained by the Almon estimation pro- 
cedure while the coefficient of In 9, in 3-3 
isnot. The sumof the price coefficients in 3-3 
is 0.362, again slightly lower than the sum 
of 0.418 of equation (14). The coefficient 
of In Ê, is insignificant and negative, while 
that of Jn P, in (14) was insignificant and 
positive. The fit of 3-3 is worse than that 
of equation (14) although the Durbin- 
Watson statistic is slightly higher.” 

Equation 3-4 shows the result of a 
second test of simultaneous equations bias. 
In this case, we tested only for income 
simultaneity, as equation (5) was rees- 
timated replacing In Ye ..., In Yie by 
In 91, In Wa, ..., In Yeo, but including 
the original price lag In Pi,..., in Pre. 
The resulting equation is similar to that of 
3-3. The sum of the income coefficients is 
now 0.630, again insignificantly less than 
the 0.661 of the original (14), while the co- 
efficient of In 4, is 0.223, somewhat less 
than the coefficient 0.274 of In y, in (14) 
but much higher than the coefficient of 
in y, in 3-3. The sum of the price coef- 
ficients is insignificantly smaller in 3-4 than 
it was in (14). 

These tests of simultaneous equations 
bias indicate that there may be a slight, 
but statistically insignificant, upward bias 
in our estimates of the coefficients of con- 
current income and price in the money- 
illusion consumption function (14). Since 
the bias appears to be so small as to be in- 
significant it can probably be ignored quan- 

H Of course, the R? and D. W. statistics and all the 
standard errors of 3-3 are equal to those of the true 
equation only asymptotically, since we are using y and 
P estimates which are only asymptotically equal to the 
true y and P values. But with R? values of .99-+ on the 


instrumental variable equations, our standard errors 
are probably quite close to correct. 


titatively and certainly does not affect 
our principal qualitative conclusion: in the 
short run the price level has an indepen- 
dent effect on real consumption due to 
what is commonly called money illusion. 


IV. Concluding Comments 

The principal result of this paper—that 
a significant degree of money illusion ap- 
peared in the aggregate consumption func- 
tion for the United States over the sample 
period—has a number of interesting im- 
plications for macroeconomic theory and 
policy. Two issues upon which it has an 
important bearing are the degree of sta- 
bility of the economy and the nature of the 
aggregate labor supply function. These 
questions are discussed in Branson and 
Klevorick [6]. 

In closing, there are a number of lines of 
further investigation that our results sug- 
gest it might be fruitful to pursue. First, it ` 
would be interesting to disaggregate con- 
sumption expenditure and investigate such 
subaggregates as real personal consumer 
expenditures on durables and real personal 
consumer expenditures on nondurables and 
services using a money-illusion specifica- 
tion of the respective demand functions. 
Second, it would be most useful to intro- 
duce the money-illusion consumption func- 
tion into a complete simultaneous equa- 
tion model, observe its performance in 
such a model, and observe the implications 
for stability as viewed through simulation 
experiments. The results presented in this 
paper suggest that in constructing such 
macro-models, greater attention should be 
paid to the link between the price-wage 
sector and the expenditure sector. 


APPENDIX 


Instrumental-V ariable Equations 
and Data Description 


In Section III the money-illusion con- 
sumption function was reestimated with in- 
strumental variable estimates of the CPI, 
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P, and per capita real net labor income, Ye 
substituted for the actual series in the un- 
lagged terms. While in principle the form of 
the instrumental equations used to construct 
the estimates should be irrelevant since the 
sole purpose of the technique is to break the 
simultaneity among cs, yz, and Ps (and clearly 
not to estimate a behavior function or struc- 
tural equation for y, or P+), we will show here 
the estimated equations for (ny), and P; 
that were used to construct (#7), and Py. 
Then we will conclude with a description of 
the basic data series used in the study. 


I. Instrumential-Vartable Equations 
for (ny) and P 


The instrumental variable equation for 
aggregate real net labor income, (ny),, has 
(ny), as a function of current and lagged 
values of the money supply, real government 
expenditure, real gross private domestic in- 
vestment, and real net exports. In linear es- 
timating form the equation is 


IT J 
(ny), = at D bG t D Yili 
(A-1) ind par 


K M 
+ aXe H D mMin + es 
k=O ml) 


where G is government expenditure, J is gross 
private domestic investment, and X is net 
exports, all in billions of 1958 dollars from 
the Survey of Current Business, and M is the 
money supply, currency plus demand de- 
posits in billions of dollars, from the Federal 
Reserve Bulletin. , 

As it turns out, the estimated version of 
(A-1) used to construct (#%)., includes only 
current values of G and X, I lagged 0, 1, and 
2 quarters, and M lagged 0-11 quarters with 
the coefficients estimated using a third degree 
Almon lag. The estimated equation is 


(ny), = — 238.53 + 0.423G, 
(12.30) (0.109) 


3 
+ È vie + 0.838%. 
a (0.160) 


(A-2) 


12 
+ > mld in 
tre) 


R?=.9976; S.E.=1.78; 

Mean = $309.27 billion; D.W.=1.13. Period 
of fit: 1955 I-1965 IV. The numbers in 
parentheses are standard errors. 


The y; coefficients of lagged investment 
and the nm» coefficients of lagged money 
supply are shown in Table A-1. The co 
efficients of equation (A-2) were used to 
compute (#7). 

The instrumental variable equation for 
P,, the CPI, has P, as a function of lagged 
wage rates, W, the average hourly earnings of 
manufacturing workers in dollars from the 
Monthly Labor Review, and the profit rate, 
R, the average rate of profit on stockholders’ 
equity from the Federal Trade Commission 
Quarterly Financial Reports on Manufactur- 
ing Corporations. The estimated instrumen- 
tal variable equation is 


P, = 52.56 + 3.006W 1 + 9.860 Wes 
(0.90) (4.963) (4.271) 


(A-3) + 7.913W is + 2.851 W v4 
(2.455) (3.711) 
— 0.138Ri1 
(0.046) 


R? = 9929; S.E. = 0.47; Mean = 101.95; 
D.W.=0.83. Period of fit: 1955 I-1965 IV. 
The numbers in parentheses are standard errors. 


The coefficients of equation (A-3) were used 
to compute the Ê, series used in the text. 


Ii. Data Description 


The data used for real consumption per 
capita, c, are essentially aggregate real con- 
sumption expenditures on nondurables and 
services plus depreciation and imputed in- 
terest on durables, divided by population, n. 
The imputed interest on durables represents 
consumers’ use of durables’ services. Real 
net labor income per capita, y, is aggregate 
employees’ compensation plus an imputed 
proportion of proprietors’ income plus trans- 
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TABLE A-1—Corrricrents OF l; AND Mi. IN 
INSTRUMENTAL VARIABLE EQUATION 


(A-2) For my 
Coefficient of 
Lag (j, m) 
Tey Mim 
oo 0.423 0.582 
(0.092)* (0.145) 
1 0.155 0.290 
(0.110) (0.067) 
2 0,204 0.123 
(0,094) (0.056) 
3 0 0.054 
. (0.068) 
4 . 0.062 
- (0.068) 
5 . 0.121 
. (0.056) 
6 . 0.209 
: (0.041) 
7 : 0.302 
. (0.038) 
8 : 0.375 
: (0,052) 
9 . 0,405 
. (0.065) 
10 . 0.368 
. (0.066) 
11 . 0.241 
. (0.047) 
12 0 0 





* The numbers in parentheses are the standard errors 
of the coefficients. 


fer receipts less employees’ social insurance 
contributions and state, local, and federal 
tax liabilities on labor income, deflated by 
the consumption deflator and divided by n. 
Real wealth per capita, w; is the aggregate 
net worth of households, including liquid as- 
sets, consumer durables, and housing, de- 
flated by the consumption deflator and di- 
vided by ø. These three series of wealth 
components, all in billions of 1958 dollars, 


quarterly at annual rates, are updated ver- 
sions of the annual series used by Ando and 
Modigliani [2]. Population, n, is total U.S. 
population in millions. The consumption and 
income data and the consumption deflator 
were provided to us by Harold Shapiro, and 
the wealth and population data were pro- 
vided by Albert Ando. The CPI data are 
quarterly averages of the monthly figures 
published in the Survey of Current Business. 

The authors will be happy to make the en- 
tire set of data available upon written re- 
quest. 
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A Theory and Test of Credit Rationing 


By Dwicut M. JAFFEE AND Franco MODIGLIANI* 


Nonprice credit rationing by commerical 
banks and other intermediaries has at- 
tracted a good deal of attention in recent 
years, in part because of the role assigned 
to this phenomenon by the Availability 
Doctrine as developed by Robert Roosa 
[9] and others in the years immediately 
following World War IT. It is by now 
generally agreed that credit rationing, if 
it could be shown to be empirically wide- 
spread, would have important implications 
for an assessment of the effectiveness and 
timeliness of monetary policy as well as 
for our understanding ofits modus operandi. 
But significant disagreement still exists 
whether credit rationing is consistent with 
rational bank behavior and whether it is an 
important empirical phenomenon. These 
two issues essentially define the goal of this 
study; namely, to provide affirmative 
answers to the following questions: 


(1) Is it rational for commercial banks 
to ration credit by means other than 
price? 

(2) Can credit rationing be measured? 
If so, are there significant variations 


* The euthors are, respectively, assistant professor 
of economics at Princeton University and professor of 
economics and industrial management at Massachusetts 
Institute of Technology. The study was carried out in 
conjunction with the Federal Reserve-Massachusetts 
Institute of Technology econometric model sponsored 
by the Social Science Research Council with support 
from the Board of Governors of the Federal Reserve 
System. The authors also wish to express their thanks 
to other participants in the MIT-FRB project, and to 
Franklin M. Fisher, Stephen M. Goldfeld, Burton G. 
Malkiel, and Gerald A. Pogue for helpful criticism and 
suggestions. The views expressed in the paper are those 
of the authors alone. 

1 Credit rationing is discussed in this study only 
within the institutional framework of the commercial 
banking industry. Nonetheless, large sections of the 
paper, and particularly the theoretical model, could be 
applied equally well to other financial intermediaries. 


in rationing over time and can these 
variations be accounted for? 


With respect to the second question, 
empirical research has been hampered by 
the almost insolvable problem of directly 
measuring credit rationing. This has led to 
the use of proxy variables in the form of in- 


dicators of tight money such as interest 


rate levels or changes in interest rates. It 
is difficult to obtain conclusive results with 
such variables, however, since one cannot 
then really differentiate credit rationing 
from other symptoms of tight money. In 
this study, by contrast, we are able to 
derive and exhibit an operational proxy 
for credit rationing based explicitly on a 
theory of rational lender behavior. 

The major contributions concerned with 
the first question have been provided in a 
series of complementary studies by Donald 
Hodgman [3], Merton Miller [8], and 
Marshall Freimer and Myron Gordon [1].* 
Although criticism of a technical nature 
has been raised with respect to the first 
two studies, the most recent of these works 
by Freimer and Gordon, provides a com- 


plete statement of the model. Consequent- 
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ly, it may seem surprising that even the 
rationality of credit rationing is still con- 
sidered a debatable issue. The source of 
this paradox, we believe, is essentially that 
the authors have not addressed themselves 
to the relevant question. Before elaborat- 
ing on this point, however, it is important 
to precisely define credit rationing. 

In line with the generally accepted ter- 
minology, we propose to define credit ra- 

? This list is not inclusive and references to other 
works can be found in the studies cited. A second aspect 
of the mechanism of credit rationing based on “cus- 


tomer relationships” is developed by Hodgman [3] and 
Kane and Malkiel [6] and is discussed further below. 
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tioning as a situation in which the demand 
for commercial loans exceeds the supply of 
these loans at the commercial loan rate 
quoted by the banks. Thus credit rationing 
is an excess demand for commercial loans 
at the ruling commercial loan rate. In 
addition, it is helpful to distinguish two 
forms of credit rationing depending on the 
status of the commercial loan interest rate. 
Equilibrium rationing is defined as credit 
rationing which occurs when the loan 
rate is set at its long-run equilibrium level. 
Dynamic rationing is defined as credit 
rationing which may occur in the short 
run when the loan rate has not been fully 
adjusted to the long-run optimal level. 
This definition serves to bring into focus 
the basic challenge which must be met in 
order to establish the rationality of equi- 
librium rationing, namely: can it ever be 
rational for the bank to limit the loan to 
less than the amount demanded by the 
borrower when both the loan rate and the 
loan granted are chosen optimally, that is, 
to maximize profits. The problem of dy- 
namic rationing differs only in that the 
commercial loan rate is set at levels con- 
sistent with short-run profit maximiza- 
tion.’ In either case, three elements enter 
into the problem: the demand for loans, 
the supply of loans, and the determinants 
of the commercial loan rate. The short- 
coming of the earlier studies already cited 
is that they concentrate on the deter- 
minants of the quantity supplied by lenders 
while neglecting the other two elements.‘ 


3 Previous discussions of credit rationing have studied 
the two forms of rationing independently: the theoreti- 
cal justification of credit rationing was directed only at 
| the equilibrium form; the empirical significance was 
considered only with respect to dynamic rationing. In 
our analysis we endeavor to integrate the two because 
our theory and the related empirical tests stress their 
common origin. 

‘The papers by Hodgman [3] and Miller [8] and the 
discussion of “weak credit rationing” in Freimer and 
Gordon [1] essentially just omit any reference to de- 
mand and the determinants of the rate. The discussion 
of “strong credit rationing’ by Freimer and Gordon 
states the question properly but then assumes the 
answer, as shown In fn. 12. 


It should be clear that information on the 
supply curve alone will generally not be 
sufficient to derive implications about 
credit rationing. For this reason, the de- 
velopment of our theoretical model of 
credit rationing integrates the demand for 
loans and the determinants of the loan rate 
with the supply of loans, The development 
of this model is given in Sections I and IT 
of the paper. In Section I, analytic propo- 
sitions concerning rationing are derived 
under alternative assumptions about mar- 
ket competition. In Section II, these re- 
sults are then interpreted in the light of the 
institutional structure of competition in 
the commercial banking industry of the 
United States to provide the complete 
theory. Section III describes how our the- 
ory of credit rationing can be used to de- 
rive an operational credit rationing proxy. 
Section IV contains empirical tests of the 
theory as set out in Sections I and II 
using the credit rationing proxy derived 
in Section III. 


I. Some Analytic Propositions 
1. The Bank’s Optimal Loan Offer Curve 


The first set of propositions to be de- 
veloped are concerned only with the bank’s 
supply curve or offer curve for commercial 
loans. This offer curve is derived by gen- 
eralizing the results obtained by Freimer 
and Gordon [1] for a rectangular density 
function of possible returns to the bank on 
commercial loan contracts. We shall then 
proceed to include a demand function and 
derive the implications of alternative forms 
of competition. 

To start, consider a banker facing a 
large number of customers each wishing to 
finance its investment projects. As in the 
earlier literature, we define the outcome 
of the customer’s projects as the firm’s end 
of period value, denoted by x. We further 
assume that the bank views x as a random 
variable and summarize in the density 
function f:[x] the bank’s subjective evalua- 
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tion of the probability of different out- 
comes. In general, the density function 
fix] will be affected by the size of the 
customer’s investment which, in turn, may 
be expected to depend on the size of the 
loan granted. For expository convenience, 
our formal analysis here will proceed under 
the restrictive assumption that the size of 
the project is fixed and therefore f:[x] can 


be taken as independent of the loan size | 


granted. This assumption implies that the 
firm has alternative means of finance which 
can be used to complement the bank credit. 
It can be shown, however, that all the 
major conclusions reached here can be 
generalized to the case where the size of 
the project is not independent of the loan 
granted, provided the investment oppor- 
tunity of the customer is subject to de- 
creasing (expected) returns.* 

The expected profit of the bank from 
the ith customer loan, P;, is a function of 
the size of the loan made L,, the loan rate 
r, and the density function f;. It is helpful 
to assume the existence of a sure minimum 
outcome k; and a maximum possible out- 
come K; for the projects such that: 


filx] = 0 x > Ky 


Now let R;=1i+r; be the interest rate 
factor and thus R;L; will be the total 
amount of the contract repayment (in- 
terest plus principal). Then the contribu- 
tion of L; to the bank’s expected profits can 
be written as the difference between the 
total expected repayment by the firm and 
the total opportunity cost, i.e.: 


forx <k; or 


Ky 
P; = P{RL,] = Rie f filx]dx 
Ril; 


(1) 


RiLi 
+ afi[aldx — IL; 
ki 

5 Freimer and Gordon [1] conclude that there is a 
significant difference between the fixed size investment 
and variable size investment assumptions. However, 
this conclusion is based on an inconsistent definition of 
opportunity cost. In Jaffee [5] the essential equivalence 
of these two assumptions, using a proper defmition of 
opportunity cost, is derived. See also fn. 11. 


The first term in this expression represents 
the gross receipts of the bank if the out- 
come # is sufficiently favorable to enable 
the firm to repay the agreed amount RL; 
in full. The second term denotes the re- 
ceipts if the outcome of the project falls 
short of the contracted amount. In this 
case, we assume the bank receives the en- 
tire outcome x, whatever it might be.® The 
last term represents the bank’s opportunity 
cost, where J=1+ j and 7 is the oppor- 
tunity rate. The rate is for the moment 
assumed constant and independent of the 
loan contract on the premise that the bank 
has unlimited access to a perfect capital 
market.’ 

The expected profit function (1) can be 
further simplified by adding and subtract- 
mg 


RL; |} ` filz]dx 


h; 


and then integrating the second term of 
that expression by parts. This yields: 


(2) P; = Pi[R:L] 


RiLi 
= (R;— DL — F,[a]dx 


k; 


where 


Fil A] = "ela 


* In such cases of at least partial default, it is reason- 
able that the bank would incur some collections which 
should be deducted from the outcome x. While this re- 
finement is neglected here, it can be shown that the 
character of our conclusions would not change if it 
were taken into account. See Jaffee [5] and Miller [8]. 
A similar remark applies to the cost of making and 
servicing a loan. 

1 The existence of well-developed markets in Federal 
Funds and Certificates of Deposits (CDs) make this 
assumption reasonable in normal periods. If these 
markets cease to operate in tight money periods, for 
example when the Regulation Q ceiling hinders the 
issue of new CDs, then the shadow price of funds would 
have to replace the market indicator as the opportun- 
ity cost. This may lead to dynamic effecta, and these 
are considered below in the discussion of dynamic 
rationing (Section II.3) and in the empirical tests. 
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is the probability that x will be less than a. 
An optimal loan to a customer is de- 
fined as the loan size which maximizes the 
bank’s expected profits from that customer 
for a given loan interest rate.? The bank’s 
offer curve for that customer is then the set 
of optimal loans corresponding to alterna- 
tive possible loan rates. This offer curve 
can be derived from the first-order con- 
dition for the maximization of expected 
profit: 
(3) SEA, Ri — F[R:L]) -I =0 
OL; 
This condition can be usefully rewritten 
in the form: 





Since the quantity F,[R,Z,] is precisely the 
probability of default, (3) admits the fol- 
lowing simple interpretation: the optimal 
loan is such that the probability of default 
is equal to the excess of the loan rate over 
the opportunity cost, normalized by the 
loan rate factor R;=1-+r;.° 

The offer curve can now be defined as 
the implicit solution to (3) for L; in terms 
of R; subject to the nonnegativity con- 
dition Z;>0. We will denote this solu- 
tion by £;=£,[R,]. From (3) we can de- 
duce several properties of this offer curve 
which will be used in developing our 


argument. 


8t The formulation in terms of expected profits as- 
sumes, of course, a linear utility function for the bank. 
This makes it unnecessary to take into account higher 
order moments of the distribution of outcomes for the 
firm’s projects and covariance of profits between cus- 
tomers. The rationale for this assumption is that banks 
service a large number of relatively diverse customers. 
In addition, a utility function with explicit risk aversion 
would leave unclear whether the existence of credit 
rationing in the model arises from the structure of the 
model or simply from the utility function. 

? Since the empirically observed spread between the 
loan rate and the opportunity rate at which banks can 
secure or invest funds is typically small, this condition 
implies that banks should tend to assume quite modest 
default risk. This conclusion seems to be in agreement 
with bank loss experience on commercial loans. 


Proposition 1. The optimal loan offer 
curve defined by condition (3) (and 
drawn in Figure 1 has the following 
properties: 


(1.1) £,=0 for Ry <I 
(1.2) 0 < Ê; < k/I forR;=T7 
(1.3) RiLi < K; for all R; 
(1.4) lim Ê; = 0 


Rio œ 


Proposition (1.1) follows from the non- 
negativity condition and condition (3). 
Since the marginal expected profit of an 
additional loan (dP;/dL;) is negative for 
all positive loan sizes whenever R,<J, the 
best the bank can do under this condition 
is to extend no loan at all. Similarly, when 
R;=I, condition (3) can hold only if 
F{RLJ=0; this implies R;Lı=IL:Sk: 
which is equivalent to proposition (1.2). 
This means that the offer curve is a vertical 
line segment when R;=TJ. In fact, in the 
case with no uncertainty in which F; is 
identically zero, the offer curve is nothing 
more than this vertical line. 

The logic of proposition (1.3) is that for 
any given interest rate factor R,, the bank 
will not receive additional income from 
extending loans in amounts which exceed 
the solution of R;L;= K,, because K; is the 
maximum amount the firm could con- 
ceivably earn. Furthermore, loans cost the 
bank the opportunity rate I, and hence 
all solutions must satisfy the condition of 
proposition (1.3). Thus the optimal loan is 
finite no matter how high the interest rate 
offered.” From proposition (1.3) follows 
immediately proposition (1.4). It implies 
that as the loan rate grows larger and 
larger, the optimal loan does not follow 
course; to the contrary, at least after some 
point, the optimal loan will begin to de- 
cline as the rate grows and will eventually 


4 Although the maximum is finite, there may be 
multiple local maxima for the loan offer curve. In the 
discussion which follows, we abstract from this compli- 
cation since it does not affect the results. 
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approach zero as the rate grows beyond 
bounds. The common sense of this sur- 
prising implication can be understood from 
the following considerations: (t) by making 
the size of the contracted repayment RL; 
sufficiently large, default becomes virtually 
certain, and hence the bank can count on 
becoming the owner of all the net ac- 
tivities of the firm; (ii) as R; rises, the 
amount L; that the bank needs to invest to 
achieve this result grows smaller and 
smaller and approaches zero as R; tends to 
infinity.” 

Two other properties of the offer curve 
are also worth developing. 


Proposition 2. For a given interest 
factor R:, expected profits decrease 
monotonically as the loan size varies 
from the optimal size in either direc- 
tion. 


The proof follows directly from (3), 
since 


a P,[RLi] 


(4) ar = — Rif:[ RL] <0 
i 


for k; < Rili < K; 


This also shows that the solution given by 
(3) is, indeed, a global maximum. 


Proposition 3. Expected profits in- 
crease along the offer curve for suc- 
cessively higher interest rate factors. 


To derive this result, first substitute (3) 
into (1), which allows us to write the profit 
function along the offer curve as: 


Bike 
af [2 ]da 


1 A similar result holds for the variable size invest- 
ment case. Although the optimal loan offer remains 
positive as the interest rate approaches infinity, the 
loan size approaches a finite asymptote. In contrast, 
Freimer and Gordon [1, p. 407] conclude that the opti- 
mal loan approaches infinity as the interest rate goes to 
infinity, because they only consider projects with an 
expected value exceeding the opportunity cost; but this 
contradicts the meaning of opportunity cost; see fn. 5. 


(5) Pil RL] = f 


k, 


But then, 
aP,[R.L;] 5 (: zA 
— = RiLAiR Li+ Re- 
aR, Lf {RL | Ei + ‘OR, 


and by implicitly differentiating (3) 
dL; 1—F{R,L,] 


È: + Ra = — 
“GR: = Ref (Riba - 
and thus 
dP {RL,] 
ee we 1 = PRL 0 
(6) aR, ( [R:Zs]) > 


for ki < Rili < Ki 


which proves the proposition. An obvious 
and reasonable implication of this propo- 
sition is that the bank will obtain its 
maximum potential profits when allowed 
to charge an infinite interest rate. Of 
course, this only serves to emphasize that 
the offer curve is defined independently of 
the demand for loans and thus many 
points on the offer locus may not prove 
feasible for the lender. 


2. The Banker as a Discriminating Monopo- 
lisi ` 

The optimal loan offer curve just derived 
can be interpreted as the bank’s supply 
curve for the bank customer. It is interest- 
ing that this supply curve is “backward 
bending” as shown in Figure 1. In fact, 
Freimer and Gordon [1] base part of their 
argument for credit rationing on this char- 
acteristic of the supply curve alone.” Our 


2 Reference is to the Freimer and Gordon [1] case of 
weak credit rationing. The terminology is misleading 
because one would normally not equate a backward 
bending supply curve with rationing. Freimer and 
Gordon also consider what they call “strong credit 
rationing,” which conceptually is closely akin to our 
equilibrium rationing. For this case they argue that a 
bank sets a conventional interest rate (6 percent to be 
exact) and then grants loans to all customers up to the 
amount indicated by their respective bank offer curves. 
This analysis is inadequate for two reasons. First, the 
optimality of a 6 percent rate is easentially just as- 
sumed; banks do not charge rates below 6 percent 
because of convention; banks do not charge rates above 
6 percent because their numerical examples suggest 
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definition of credit rationing, however, ob- 
viously necessitates taking into account 
the demand for loans by the bank cus- 
tomer. Such a demand curve for the ith 
bank customer, denoted hereafter by Di 
=D; [R], has been drawn in Figure 1. We 
assume a downward sloping demand curve, 
which vanishes for a sufficiently high in- 
terest rate factor and is finite even for a 
zero interest rate (or interest factor equal 
to unity). The boundary conditions for the 
demand curve are based on the charac- 
teristics of the underlying investment proj- 
ects, At a zero interest rate the firm’s de- 
mand for loans is bounded by the size of 
the investment projects, while the ex- 
istence of some alternative means of fi- 
nancing suggests that at some sufficiently 
high interest rate the demand will become 
zero. The negative slope of the demand 
curve can be derived from the assumption 
that the firm has only limited access to 
these alternative means. of finance. The 
implied limit on competition between 


that customer utility maximization occurs at lower rates. 
Secondly, even if the 6 percent rate is accepted as op- 
timal, we have no way of knowing from their analysis 
whether rationing actually occurs, because the demand 
curve is never shown. : f 


banks for the customer’s business is dis- 
cussed further in Section II. 

The conditions under which rational 
credit rationing will occur can now be seen 
with the aid of Figure 1. The ith firm’s de- 
mand curve and the bank’s offer curve to 
that customer are assumed to intersect at 
the interest rate factor R,.% If the bank 
chooses to charge an interest factor greater 
than K, rationing will not occur since the 
loan demand is less than the loan offer 
at such an interest factor. In fact, if the 
firm were willing to accept a larger loan 
(which it is not by definition of the de- 
mand curve), the bank would increase its 
expected profits by providing such a loan 
(see proposition 2). On the other hand, if 
the bank chooses to charge an interest 
factor less than R,, then rationing will 
occur since in this region the bank’s opti- 
mal loan offer is less than the amount de- 
manded by the customer. The bank would 
only reduce its expected profits by in- 
creasing the loan offer to meet the demand. 
Thus the question of the rationality of 
credit rationing can be reduced to a con- 
sideration of the optimal rate factor to be 
charged by the bank, and its relation to 

te 

Two critical variables enter into the 
bank’s selection of the loan rate. First 
there is‘the question of the time horizon: 
in the long run, a rational banker would 
select the rate which maximizes his ex- 
pected profits; but other constraints may 
preclude immediate full adjustment in the 
short run. This leads, of course, to our 
distinction between the cases of equilibrium 
rationing and dynamic rationing as al- 
ready defined. We start by considering 
only the equilibrium case since it has been 


n The existence of at least one point of intersection is 
assured by the boundary conditions on the demand 
curve and proposition (1.4). Throughout the remainder 
of the paper we shall assume that, in fact, only one such 
point exists. Equivalent results can be obtained for the 
case of multiple intersections, but only at the cost of 
more complexity in the analysis. 
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the center of the theoretical discussion and 
since the short-run dynamic case is easily 
derived from the equilibrium case. 

The second important variable influenc- 
ing the bank’s choice of rate is the nature 
of market competition. Because the de- 
gree of competition turns out to be a 
critical factor in determining the existence 
of rationing, it is worthwhile considering 
several different regimes from a purely 
analytic standpoint. 

The first regime considered is the simple 
case of a discriminating monopolist. It is 
assumed that the bank maximizes its ex- 
pected profits with respect to each custo- 
mer separately and is free to charge each 
customer a different interest rate. Thus, 
we can take the bank’s solution for the ith 
customer as typical: 


Proposition 4. Let Rf be the rate 
factor which maximizes the bank’s 
expected profits when the bank is 
acting as a discriminating monopolist. 
Then: 

(4.1) Rf > R,, which implies 

(4.2) Credit rationing is not profitable 

for a banker acting as a discrim- 
inating monoplist. 

The proof of this proposition is easily 
derived from Figure 1 and the properties of 
the offer curve. The bank will always 
charge an interest factor at least as high 
as R; since; (i) expected profits increase 
along the offer curve for successively higher 
interest rates (proposition 3) and (ii) 
the loan L,(R,) is feasible by the definition 
of R;. We next observe that, in view of 
proposition 2, for any rate equal to, or 
larger than R, the bank’s profit will be 
higher the closer the loan is to the cor- 
responding point on the offer curve. But 
since the demand curve places a ceiling on 
the feasible loan size, the bank will find 
the optimal rate R7 by maximizing profit 
along the demand curve constraint, which 
means that credit rationing will not be 


profitable. Indeed, as in the standard the- 
ory of monopoly under certainty, at the 
rate Rf the bank would be glad to lend 
more than the customer is prepared to 
take. 


3. The Banker Must Charge All Customers a 
Uniform Rate of Interest 


Now suppose that the banker is con- 
strained to charge all customers the same 
rate though he can choose that rate freely 
and can also decide on the size of the loan 
to be granted each customer. We will show 
that under these conditions credit ration- 
ing may (and very frequently will) be 
profitable, i.e. at the common optimal in- 
terest rate, for some customers the most 
profitable loan for the bank to supply is 
less than the amount demanded. 

To establish this proposition it is con- 
venient to deal first with a subsidiary 
problem. Suppose that the bank faces only 
two customers and, for the moment, rule 
out credit rationing by requiring that the 
bank must satisfy the customers’ demand 
at the chosen common rate. 

The bank’s expected profits under these 
conditions can be written as: 


(7) P= P,[RD,} + Ps[RD,] ; 


where R is the common rate factor charged 
both customers and the constraint of sat- 
isfying both demand functions is implicit 
in the notation. By differentiating this 
profit function with respect to the interest 
factor, we can obtain the first-order con- 
dition for the optimal interest factor, say 
R*. 

An important property of R* can be ob- 
tained, however, without explicit reference 
to this first order condition. Let Rf and 
Rī be the optimal rate factors a dis- 
criminating monopolist banker would 
charge customers 1 and 2, respectively, and 
assume, without loss of generality, that 
RI <Rj. It follows from this definition 
that the expected profit from each cus- 
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tomer must be a concave function of R in 
the neighborhood of R* and Rj, respec- 
tively. We shall go somewhat further and 
assume that the concavity of each ex- 
pected profit function holds for all R>1.“ 
We can then establish: 


PROPOSITION 5. If R* is the common rate 
factor that maximizes the bank’s ex- 
pected profit, we must have: 


RSR SR 


This result can be verified through use of 
a proof by contradiction. The assumption 
of concave expected profit functions im- 
plies that expected profits decrease mono- 
tonically as the absolute value of the 
spread between the actual rate to a cus- 
tomer and the discrimination monopolist 
rate increases. Thus, if the bank chose a 
common rate factor R* that was less than 
both Rf and Rj, it would find that ex- 
pected profits could be increased by in- 
creasing the rate factor at least to the 
level of R7, thus contradicting the assump- 
tion that the original rate factor was 
optimal. Essentially the same argument 
shows that R*>Rj also leads to a con- 
tradiction. 

We can now relax the restriction that 
the bank must satisfy both customers’ 
demand function and show that, under 
these conditions, it will never pay to ration 
customer 1 but it may very well pay to 
ration customer 2. Specifically, we can 
establish: 


PROPOSITION 6. For the common rate 
regime 
(6.1) R*> RÝ > R implying it is not 
profitable to ration customer 
1. 


u The assumption of global concavity is not a neces- 
sary condition for proposition 6, to be proven below; 
the proof can be carried out with weaker assumptions. 
We have chosen to assume global concavity, however, 
because it leads, via proposition 5, to a particularly 
interesting demonstration of proposition 6. 


(6.2) R3>R*2R,, implying that 
R* <R; is possible, in which 
case, credit rationing is prof- 
itable. 


Proposition (6.1) follows directly from 
propositions 5 and 4. As for establish- 
ing (6.2), we need only exhibit a concrete 
example in which the condition holds. That 
it is, in fact, quite easy to construct such 
examples can be seen from the following 
considerations. First, going back to prop- 
osition 5, one can readily establish that 
the position of R* within the range Rf to 
Rž depends on the relative size of the two 
customers (as measured, say, by the size 
of the loan demanded for any R in the cri- 
tical range), and on the elasticity of the 
two demand curves. In particular, R* can 
be made arbitrarily close to RY by assum- 
ing that customer 1 is sufficiently larger 
than customer 2, and/or by assuming that 
the demand curve for customer 1 is suff- 
ciently inelastic in the range of rates above 
R}. By the same token, R, can be made 
arbitrarily close to RJ by assuming a 
sufficiently elastic demand curve for cus- 
tomer 2. Thus, by appropriate choice of 
these functions, one can readily construct 
situations where R* is lower than Ry. The 
above construction also provides an inter- 
esting interpretation of proposition 6. 
The constraint of charging both customers 
the same rate R* forces the bank to 
charge customer 1 a rate which is too high 
relative to Rf and hence, the customer is 
not rationed. On the other hand, the bank 
is forced to charge customer 2 a rate which 
is too low relative to Ry. If the rate is 
sufficiently low relative to R, that is R* < 
R;, then the second customer will be 
rationed. 

The possibility of credit rationing also 
adds another dimension to the problem. In 
the case in which rationing does not occur, 
R* is the optimal common rate charged by 
the bank and the customers receive loans 
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of D, [R*] and D, [R*], respectively. But 
when customer 2 can be profitably ra- 
tioned at R*, the very existence of ration- 
ing changes the conditions of the problem 
and R* need no longer be the optimal rate. 


Instead, there will exist a more general 


optimum optimorum rate, say R, which 
yields the maximum expected profits after 
allowing for credit rationing of customer 2. 
R will just equal R* in cases in which ra- 
tioning is not profitable, but will generally 
differ from R* when rationing is profitable. 
` The fact that R may differ from R* creates 
some difficulties in deriving the compara- 
tive static properties of the model, as will 
be apparent below. However, it does not 
affect our basic conclusion; proposition 6 
remains valid even if R* is replaced with 
the true optimum &. For, as one can 
readily verify, R*< R, implies R< Ry, and 
conversely.1® 

Before proceeding to the generalizations 
of the propositions developed so far, it is 
worthwhile considering the special case of a 
risk free firm, that is a customer for whom 
the bank’s subjective evaluation of default 
risk is zero. 


Proposition 7. Neither a banker acting 
as a discriminating monopolist, nor a 
banker charging all customers the 
same rate, will ration a risk free cus- 
tomer. 


The result of proposition 7 for the case 
of a discriminating monopolist is simply a 
special case of proposition 4 and follows 
directly from that proposition. To prove 
the proposition for a banker charging a 


3 We have previously established that R*> R, im- 
plies that R* is already the optimum optimorum or 
R*= R; hence R*>R,>R>R;. Similarly R>R, im- 
plies that even when rationing is allowed, it is not 
profitable and therefore R must coincide with R*, the 
maximum subject to the constraint that rationing is not 
permissible; that is R>Rs>eR=R* and therefore 
R>Rr—>R*>R,. But these two propositions together 
imply R*>R>R>R,, which in turn implies R*<R,y 
ke K. i 


common rate factor, it is important to 
recall from proposition 1 that the bank’s 
offer curve for a risk free customer is a 
vertical line at R=J. Furthermore, it must 
be true that R* (or R) is greater than J if 
the bank’s expected profits are to be posi- 
tive. But this implies that R*>R for the 
risk free customer, which on the basis of 
proposition 6 rules out the possibility of 
credit rationing. 

We can now proceed to generalizations 
of the propositions developed in this part. 
First, consider a banker facing » customers 
and constrained to charge all n customers 
the same loan rate. Again, let Rf (i= 
1,2, . . , n) denote the rate the bank would 
charge if acting as a discriminating monop- 
olist and let R be the common “optimum 
optimorum” rate the bank charges when 
allowing credit rationing. Let us number 
customers in ascending order with respect 
to the monopolist rate; that is R*>Rf, 
for +=2,3,..,%. Proposition 5 can then 
be generalized to: 


Proposition 5’. The optimal common 
rate R charged all customers must lie 
between the rate charged customer 1 
and the rate charged customer n when 
the bank is acting as a discriminating 
monopolist. Formally, there exists an 
integer j, 2<j<n, such that RÝ >R> 


—Ile 


Similarly, proposition 6 can be general- 
ized to: 


PROPOSITION 6’. 

(6.1) For any customers ¢ such that 
R> R], we have R> R; imply- 
ing that rationing of these cus- 
tomers is not profitable. 

(6.2’) In the case of customers for 
whom R<R}, we have R2 K; 
implying that rationing of some 
of these customers may be prof- 
itable. 


The interpretation and proof of these 
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propositions follows directly from the 
corresponding propositions for the case of 
two customers, and accordingly are not 
repeated here. 


4. Generalization to m Separate Customer 
Classes 


It is now easy to extend our conclusions 
about the rationality of credit rationing to 
the case in which the bank can assign cus- 
tomers to any one of, say, m classes, where 
within each class the bank must charge a 
single uniform rate. The principles which 
govern the assignment of customers to 
classes and the choice of the rate for each 
class can be readily inferred from the 
previous analysis: 

(i) If the profit functions are all concave 
in the relevant range, then the optimal 
classification will be achieved by dividing 
the entire range of the set of Rf (the rate 
charged customer + when the bank acts as 
a discriminating monopolist) into m inter- 
vals and assigning to the same class all 
customers whose Ry falls in a given inter- 
val. If the profit functions are not concave, 
the principle for optimal classification be- 
comes more complex; but in any event, it 
is clear there will exist a set of optimal 
group rates and a corresponding optimal 
classification for the customers, and that 
furthermore, each class will contain cus- 
tomers with different Rf's, as long as the 
number of customers exceeds the number 
of classes. 

(ii) The optimum rate for any given 
class j, say R,, must fall somewhere be- 
tween the smallest and the largest Rf of 
the customers in that class. 

(iii) It will not be profitable to ration 
customers whose R* is smaller than the 
group rate R,, but it may pay to ration 
those for whom Rf exceeds R,. In par- 
ticular, rationing will occur whenever 
R;> R; 

(iv) The likelihood that it will be 
profitable to ration at least some customers 


in a class will be positively related to the 
heterogeneity of the Rf of the customers in 
that class and hence the likelihood of ra- 
tioning will be inversely related to the size 
of m. Indeed, if m is allowed to be as large 
as the number of customers, that is, n, then 
the bank will be in the position of a dis- 
criminating monopolist and credit ration- 
ing will not occur. 

There remains now to draw the implica- 
tions of these results by combining the 
propositions developed so far with a num- 
ber of considerations arising from the na- 
ture of competition in the banking in- 
dustry. 


TI. Competition in Banking and 
Credit Rationing 
1. The Nature of Competition in Com- 
mercial Banking and its Implications for 
Credit Rationing. 

We have shown in Section I that a single 
bank, free to discriminate between bor- 
rowers by charging each customer its 
monopolist rate Ri, would not ration 
credit. A similar conclusion holds even if 
there are many banks, as long as they act 
collusively to maximize joint profits, rely- 
ing if necessary on side payments. If all 
banks share the identical subjective evalu- 
ations of the profitability of borrowers’ 
investment projects, then clearly the op- 
timum rate R7 to be charged to the 
ith customer would be the same no matter 
which bank served him. Furthermore, even 
allowing for differences in the subjective 
evaluation of borrower risk and assuming 
an arbitrary initial distribution of cus- 
tomers between banks, the device of buy- 
ing and selling customers would allow each 
bank and the industry as a whole to maxi- 
mize profits. In this way a banker’s 
Pareto optimum would be reached with 
each bank charging its customers the 
monopolist rate, and thus, again, no credit 
rationing would occur. 

In this section we propose to argue that 
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this solution is in fact not feasible, at least 
in the present American economy. We 
suggest, instead, that banks can best ex- 
ploit their market power, while remaining 
within the bounds set by prevailing in- 
stitutions, by classifying customers into a 
rather small number of classes within each 
of which a uniform rate is charged, even 
though the membership of each class will 
exhibit considerable heterogeniety in terms 
of RY. 

First, even if there were but a single 
monopoly bank or a perfectly collusive 
banking system, the mere existence of 
usury laws would lead toward the indi- 
cated solution. Such laws would prevent 
the banker from charging any rate Rf 
which is greater than the legal limit. Thus 
all customers for whom R is larger than 
the ceiling would be classified together in 
the category with the ceiling rate. Since 
the monopolist rate Rf for each customer 
in this class would equal or exceed the uni- 
form rate set for the class, namely the 
usury ceiling, it is apparent from the re- 
sults of Section I that many, if not all, 
customers in this class would be profitably 
rationed. i 

Even aside from usury ceilings, the 
pressure of legal restrictions and considera- 
tions of good will and social mores would 
make it inadvisable if not impossible for 
the banker to charge widely different rates 
to different customers. A banker would 
tend, instead, to limit the spread between 
the rates and to justify the remaining dif- 
ferentials in terms of a few objective and 
verifiable criteria such as industry class, 
asset size, and other standard financial 
measures. An effort would no doubt be 
made to choose the criteria for classifica- 
tion so as to minimize the difference be- 
tween the optimal classification of cus- 
tomers into rate classes and the categories 
© dictated by the objective criteria, but a 
close approximation might be difficult to 
achieve. 


The inducement to adopt a classification 
scheme of the type described is likely to be 
greatly strengthened when we take into 
account the fact that banks cannot openly 
collude, although they share a common 
desire to maintain rates as close as feasible 
to the collusive optimum. In order to 
prevent, or at least minimize, competitive 
underbidding of rates they would need 
tacit agreement as to the appropriate rate 
structure for customers, and thus a classi- 
fication scheme based on readily verifiable 
objective criteria would appear as an 
efficient and effective device. Furthermore, 
to make the whole arrangement manage- 
able, the number of different rate classes 
would have to be reasonably small. Finally, 
one can also readily understand how 
such tacit agreement on the structure 
of class rates could be facilitated by tying 
these rates through fairly rigid differ- 
entials, to a prime rate set through price 
leadership. 

If we now superimpose the impact of 
usury ceilings along with the other legal 
and social constraints, it is clear that the 
entire structure of rates would tend to be 
compressed within narrower limits than 
would otherwise be optimal. This means, 
in particular, that the rate for each class 
would tend to the lower limit of the Rf 
spread appropriate for the customers in 
that class, with the possible exception of 
the lowest class rate reserved for the risk- 
less or nearly riskless prime customers. 
The result is that widespread rationing 
would occur, particularly in the higher 
rate classes. 

Finally, we may observe that the oli- 
gopolistic price setting pattern outlined 
above is likely to lead to a very sluggish 
and somewhat jerky adjustment of the 
entire rate structure as changes in under- 
lying conditions generate changes in the 
optimal level and structure of rates. The 
considerations relevant here are well 
known from the literature on oligopolistic 
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market structure and price leadership. It 
follows that when conditions are changing 
rapidly we might expect to find that the 
entire structure of rates would lag behind, 
and thus, for a while, would tend to be 
higher or lower than the optimal structure, 
depending on the direction of the change. 
These considerations provide the key to 
dynamic rationing to be elaborated below. 


2. Long-Run Equilibrium Credit Rationing 


We are now in a position to assemble the 
complete theory of credit rationing. We 
first take up equilibrium credit rationing 
which occurs when the loan rate is set at 
its optimal level. In Section I it was shown 
that credit rationing will be profitable, 
even in long-run equilibrium, as long as 
there is uncertainty of loan repayment and 
banks cannot discriminate perfectly be- 
tween customers. In Section II.1 both of 
these conditions were verified as features 
of the commercial banking industry, and 
thus we conclude that equilibrium ration- 
ing is consistent with rational economic 
behavior. 

This conclusion would remain basically 
unchanged if one recognizes that the 
bank’s expected return and cost is af- 
fected by other contract terms such as loan 
maturity and compensating balance re- 
quirements. To be sure, if a bank could 
discriminate freely between customers 
with respect to such factors, there might 
be no occasion for equilibrium rationing. 
But while the empirical evidence is scanty, 
one would surmise that banks are limited 
in their power to discriminate with respect 
to these terms as well as the nominal 
interest charge. Similarly, our analysis 
can incorporate the benefits of maintain- 
ing long-run “customer relationships” (cf. 
Hodgman [4], Edward Kane and Burton 
Malkiel [6]) without invalidating our basic 
conclusions about the rationality of ra- 
tioning.!® : 

Although the customer relationship and nonprice 





It is worthwhile to consider briefly the 
comparative static properties of equili- 
brium rationing in our model. The total 
amount of equilibrium rationing, EZ, can be 
written as the difference between loan 
demand and loan supply for those cus- 
tomers of the bank experiencing rationing: 


(8) E= > max [D,(R) — LR), 0] 
i=l 


The excess supply of loans to those cus- 
tomers to whom the bank would like to 
extend additional loans does not, of course, 
offset the rationing to other customers. 
The offer curve to a firm depends on the 
opportunity cost of the bank, J, and the 
firm’s density function of possible out- 
comes, f: and hence E depends on these 
two factors and the firms’ demand func- 
tions. Consequently, for purposes of com- 
parative static analysis, one may consider 
the impact of changes in demand, risk, and 
opportunity cost on the amount of equili- 
brium rationing. Unfortunately, the eval- 
uation of the impact of these changes 
turns out to be a very difficult process. In 
particular, the rationed or nonrationed 
status of customers may change because of 
the change in the underlying parameter. 
To at least illustrate the possible out- 
comes, however, we shall outline the case 
of a change in the opportunity cost J. 

Two important results for the compara- 
tive static analysis are given in the follow- 
ing propositions: 


Proposition 8. A ceteris paribus increase 
in the opportunity cost causes the 
optimal loan offer curve to shift down- 
ward at every interest rate. Indeed, 
by implicit differentiation of equation 


contract terms may serve to modify the importance of 
uncertainty in our theory of credit rationing, the bank’s 
inability to discriminate perfectly in setting these terms 
is still critical. The need for such an element can be seen 
clearly in the attempts by Hodgman (4, p. 265] and Kane 
and Malkiel [6, p. 123] to rationalize credit rationing 
without appeal to such imperfect discrimination. 
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(3) we obtain: 
l OL; —1 

(9) — = 
al fR 


PROPOSITION 9. The common optimal 
rate factor R* (applicable if the bank 
were constrained to satisfy all de- 
mand functions) is positively related 
to the opportunity cost Z. 


Proposition 8 is self-evident. Proposi- 
tion 9 is in line with the standard theory of 
the firm in that an increase in marginal 
cost necessitates an increase in marginal 
revenue which takes the form of an in- 
crease in R*, Because the very act of 
changing the parameter J may lead to a 
change in the rationed or nonrationed 
status of customers, as demonstrated be- 
low, special cases can arise in which R (the 
common optimal rate allowing for ration- 
ing when profitable) and J are not posi- 
tively related, contrary to the relationship 
between R* and J. Since such cases are 
distinctly abnormal, the obvious and rea- 
sonable situation being a positive relation- 
ship between I and R, we shall proceed on 
the premise that proposition 9, is equally 
applicable to R." 

With the aid of Figure 2, we can survey 
the impact of an increase in the oppor- 
tunity cost from Ito Iı. From proposition 
8, it is known that the offer curve will 
shift downward from the locus Ê, to £1; 
and from proposition 9 it is known that 
the common optimal rate factor will in- 
crease, say from Ry to Ry. Thus the net im- 
pact of a change in the opportunity cost on 
the maximum loan offered is the result of a 
shift in the offer curve and a movement 
along this curve, and the amount of 
equilibrium rationing may either rise or 
fall. These two alternative outcomes are 
illustrated in Figure 2. In the case of the 


™ The abnormal conditions which lead to this abnor- 
mal result are discussed further in [5, p. 56 and p, 86]. 


demand curve Dı, the customer would 
move from a rationed to a_nonrationed 
status, while for the case illustrated by the 
demand curve D,, the opposite conclusion 
holds. Cases in which the rationing status 
remains unchanged are, of course, equally 
possible. Thus the effect of an increase in I 
on the size of rationing must remain 
uncertain. This result, however, should not 
be regarded as disturbing. What it implies 
is that in the long run, no systematic rela- 
tionship exists between the extent of equilib- 
rium rationing and the absolute level of 
interest raies. 


3. Dynamic Credit Rationing 


We define dynamic rationing as the 
difference between equilibrium rationing 
and the volume of rationing that arises 
when the actual rate charged customers, 
R, differs from the long-run equilibrium 
rate, Ñ. By this definition, dynamic ration- 
ing can be positive or negative, and we 
shall show that its magnitude will be 
positively associated with the spread, R-R. 
Furthermore, we have already suggested, 
in view of the oligopolistic structure of the 
banking industry, that R is likely to adjust 
slowly to changes in &, thus lending 
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credence to the empirical importance of 
dynamic credit rationing. In fact, there is 
evidence that banks may tend to rely on 
some objective signal, such as changes in 
the Federal Reserve’s discount rate, in 
determining the timing of loan rate 
changes, and hence, dynamic credit ration- 
ing would vary significantly depending 
upon Federal Reserve policy.!® 

It is helpful to begin by considering a 
system that starts in long-run equilibrium 
with a rate, Ro, and then receives a shock 
that changes Ry to R; while the quoted 
rate remains unchanged at Ry. As we have 
seen, there are three main market forces 
that can change R: a change in market 
interest rates leading to a change in the 
opportunity cost I; a shift in customer 
demand schedules; and a change in risk as 
may be indicated by a shift in F[z]. We 
shall first consider the effects of changing 
each of these factors, one at a time. Then 
by combining the results of these ceteris 
paribus experiments, we can examine more 
realistic situations in which several factors 
change simultaneously. 

1. Consider first a change in market 
rates of return which, for convenience, 
may be summarized by some representa- 
tive rate, ru. a rise in rą will directly in- 
crease the opportunity rate for funds in- 
vested in the loan portfolio. From proposi- 
tions 8 and 9, we know that such an in- 

18 Empirical tests performed in an earlier work by one 
of the authors [5, Ch. 4] confirms the hypothesis that, in 
the period covered by our data, changes in the Federal 
Reserve discount rate were a major factor influencing 
the timing of changes in the commercial loan rate. It 
should be stressed, though, that such a relationship 
might not continue to hold in the future unless the 
Federal Reserve continues to operate the discount 
window in the customary fashion. Should the recent 
Federal Reserve proposal {11] to keep the discount rate 
closely in line with market rates be enacted, it is likely 
that the commercial loan rate would adjust more 
quickly toward its desired level. In this case, dynamic 
rationing in response to changes in market conditions 
would tend to die out faster than in the past. Thus dis- 
count rate policy is at least one way in which the Fed- 
eral Reserve can influence the amount of credit ration- 
ing. 


crease in J will lower all offer curves and 
also increase Ê. Since the quoted rate re- 
mains at Å, and all the demand curves are 
unchanged, there must be an aggregate in- 
crease in rationing. Our model also provides 
some information about the incidence of 
this increase. At one extreme, the risk free 
firms will still not experience any rationing 
because the offer curve for them is a ver- 
tical line. At the other extreme, firms 
already rationed in the initial equilibrium 
will be rationed even more as the offer 
curve shifts down. Finally, among the 
risky firms initially not rationed, some will 
remain unrationed while others will ex- 
perience new rationing, with the amount 
depending upon the extent of the shift. 

Thus on the whole, the loan portfolio 
will shrink and the funds released by 
rationing will be shifted into other assets 
whose yield has increased (or be used to 
repay the now more costly borrowed 
funds). However, the opportunity cost I is 
now likely to fall relative to the market 
rate rą because loans will be a smaller per- 
centage of the total portfolio. This will 
tend to moderate, though not eliminate, 
the initial increase in rationing. 

2. Consider next the effect of a down- 
ward revision of the anticipated distribu- 
tion of outcomes; operationally, we may 
think of the initial distribution F[x] being 
replaced by a new one G[x] with G[x]< 
F{x]. As can be verified from (3), such a re- 


3 This conclusion would not hold if the shift in J 
were so large as to exceed Ao. In this case, the best 
course of action would be to cut off loans even to the 
prime firms, and a fortiori to all customers. But this 
case can be disregarded for the banks could be counted 
upon to respond promptly by raising their quoted rate, 
ie., Re would not remain unchanged in these circum- 
stances. More generally in the usual theory of monopoly 
or oligopoly, if the equilibrium price rose because of a 
shift in either the demand or the cost function, and, for 
some reason, the market price was prevented from ris- 
ing, rationing would occur only if the shift were such 
that the marginal cost would exceed the price. It ap- 
pears, therefore, that dynamic rationing, just as equilib- 
rium rationing, is intimately related to the uncertainty 
about the outcome of the loan. 
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vision results again in a downward shift in 
the offer curve, and in an increase in the 
Rf and hence in R. Since the quoted rate 
has not changed, the maximum loan of- 
fered at that rate must tend to decline. 
With the demand unchanged, rationing 
must therefore increase for some of the 
customers, and the incidence of the in- 
creased rationing is entirely analogous to 
that of case 1. Once more, as loans shift 
out of the now less remunerative loan 
portfolio, the opportunity cost J may 
decline somewhat, mitigating the initial 
effects, 

3. Much the same conclusion can be 
seen to hold for the case of a shift in all 
demand schedules, ra and F[x] constant, 
except that in this case, it is the demand 
curve which shifts while the offer curve 
remains unchanged. If I remains un- 
changed, then the initially rationed cus- 
tomers will experience more rationing be- 
cause their increased demand is not satis- 
fied at all; the risk free customers, in con- 
trast, will receive larger loans and remain 
unrationed; and the initially unrationed 
risky customers will also obtain larger 
loans, but possibly not enough to match 
the increase in their demand. Furthermore, 
as funds flow into the loan portfolio (be- 
cause some of the increased demand is 
satisfied), the opportunity cost of loans 
will tend to increase giving rise to addi- 
tional rationing of the type under (1). 

Normally, an increase in loan demand 
will tend to occur in periods of buoyant 
economic activity and hence will be asso- 
ciated with a rise in rx (partly reflecting 
the higher demand in all markets and 
partly causing, in turn, a higher demand 
for bank funds), and also with an increase 
in the anticipated profitability of the in- 
vestment projects, the latter producing a 
decrease in risk as measured by F[x]. The 
outcome is then a combination of the 
celeris paribus results under (1), (2), and 
(3). The shift in F[x] tends to raise the loan 


offered at the unchanged rate, Ry; at the 
same time, the quantity demanded at that 
rate rises, and if J were unchanged, the 
effect on R, as well as on rationing, would 
depend on the relative amount of the two 
shifts. Even on this basis, one would antic- 
ipate an increase in rationing because the 
demand curve is likely to shift further than 
the offer curve, reflecting an increase in the 
optimism of firms relative to that of the 
banks. But more fundamentally, 7 must 
rise, both because with I constant, more 
funds would flow into the loan portfolio 
causing I to rise relative to ry, and be- 
cause rar itself will be rising. Hence the 
final outcome will tend to be the same as in 
the previous three cases. The extent of in- 
creased rationing will depend on the rela- 
tive shift in F[x], in the quantity de- 
manded at the unchanged rate, and in ry, . 
and on whether, on balance, these shifts 
will cause funds to flow in or out of the 
loan portfolio. It is apparent, however, that 
the rise in J and in rationing will tend to 
be greater the smaller the elasticity of 
supply of funds to the banking system. The 
effect might be particularly severe if the 
ability of banks to attract funds were ac- 
tually reduced, as happened in some recent 
episodes in which the Certificates of De- 
posit rates in secondary markets pierced 
the Regulation Q ceiling. 

We may thus conclude quite generally that 
as R rises relative to Ro, rationing will tend 
to increase; and the incidence of the in- 
creased rationing will tend to fall most 
heavily on customers who would be rationed 
in equilibrium, and will tend to affect the 
least, tf at all, the riskless, or nearly riskless, 


‘prime customers.™ One implication of this 


2 As we have argued in the text, the amount of dy- 
namic rationing tends to be positively related to the 
spread between the equilibrium rate and the quoted 
rate. Actually, though this relationship must hold in 
the large, in some special circumstances it may fail to 
hold in the small. The special cases arise only when the 
slope of the demand curve exceeds the slope of the offer 
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result is worth stressing since it provides 
the key to our operational measurement of 
credit rationing set forth in the next sec- 
tion. Suppose that we were to classify all 
customers into two broad classes, the 
prime customers and all others. We should 
then expect that as the gap between R and 
R widens and dynamic rationing becomes 
more severe, loans to the riskless cus- 
tomers will tend to represent a growing 
share of the total loan portfolio. 

This result can be given the following 
useful interpretation, which also serves to 
bring to light the common nature of equi- 
librium and dynamic rationing. In the 
presence of risk as to the outcome of the 
loan, reducing the size of the loan will in- 
crease the expected rate of return, by re- 
ducing the expected loss from insolvency 
of the firm. It is therefore quite under- 
standable that a bank faced with a higher 
opportunity cost (whether from a rise in 
the market rate or in lending oppor- 
tunities) and unable to raise the return by 
raising rates, will find it profitable to raise 
its return at least by upgrading the quality 
of its portfolio through a reduction in risk; 
the upgrading may take the form of shift- 
ing funds toward less risky customers, 
and/or of reducing loans made to risky 
customers, depending on the nature of the 
shift in underlying conditions. 


IU. A Measure of Credit Rationing 


In this section we shall develop an opera- 
tional measure of credit rationing which is 
based on the theory as developed in Sec- 
tions I and I and which is used in the test 
of the theory presented in Section IV be- 
low. In principle, the volume of credit 
rationing should be measured by the 
difference between the loan demand and 
bank supply for rationed customers as 


curve. Since this can occur only at relatively high in- 
terest rates, Indicating default risks well above levels 
bankers would consider acceptable, the case would seem 
to have little empirical relevance. 


defined by E in equation (8). The degree or 
relative incidence of credit rationing could 


‘then be measured by the ratio of the vol- 


ume of rationing to the potential demand 
of rationed customers, or: 
E D: — La 


= 


E+ L: Ds 





(10) He 


where D, denotes the demand of rationed 
customers and L the volume of loans ac- 
tually granted to them. 

Unfortunately, the direct measurement 
of E and Ls, the components of A, requires 
information on the ex ante customer de- 
mand and bank supply which is unlikely 
to be available, even in the future. The 


_ analysis of Section II.3, however, points to 


a possible, operational, proxy measure of 
the degree of dynamic credit rationing. As 
shown there, our model suggests that there 
should be a positive association between 


‘variations in dynamic credit rationing and 


variations in the proportion of the total 
loan portfolio accounted for by the risk 
free prime customers. Let us then denote 
by LıœD,, the volume of loans granted to 
these customers, and by LZ, and D,, re- 
spectively, the loan granted and the loan 
demanded by all other customers. Our 
proposed operational proxy for the non- 
observable Ê is either of the following two: 








(11.4) H = 
re: = 
== Pa Ty 
or 
1 Lı + L: 
(11.b) iS 
H, L 


The first measure, Hı, is simply the per- 
centage of total loans which are granted to 
the risk free customers, and hence is posi- 
tively related to the degree of rationing. 
The alternative proxy is its reciprocal and 
hence, is negatively related to the degree 
of rationing. 

To see the relation between either proxy 
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and the ideal measure Ê, let 


= D: 
D 
Then from (11) we obtain: 
1 
(12.a) Hı = u+- A) 
(12.b) H#,=1+80- 


since Lı= D. 
Differentiating (12) with respect to Ê, 
yields: 


ðHı B 
Ba aa urA 
(13.b) bia —B<0 

aĝ 


The equations (12) show that for a given 
value of B, our proxies are monotonic 
functions of the ideal measure Ê, and (13) 
confirms that the relation is in the direction 


expected. The functions relating either’ 


proxy to A involve as a parameter the 
relative demand factor, B, essentially be- 
cause we have replaced the nonobservable 
D, with the observable Dı. This of course 
implies that any change in B will give rise 
to a variation in Hı or H, which does not 
correspond to variations in A. Hence, if 
there were sizable variation in B over 
time, our proxy measures of A could be 
subject to appreciable errors in measure- 
ment. Note, however, that even in this 
event, as long as Hı or H, are used as 
dependent variables in a statistical test as 
we shall do below, these errors will not 
tend to generate bias in the estimated 
coefficients unless B happens to correlate 
with the behavioral determinants of Ê.” 
Fortunately, the conclusions of Section IT 

© Because (12a) is nonlinear in Ê, this statement 
will be true only for a linear approximation of H;. If 
ejther proxy were being used as an independent variable, 


the problem of bias would be more serious. See, for 
example, Malinvaud [7, Ch. 10]. 


concerning the comparative static prop- 
erties of the model and the classification 
of customers suggest that, at least in 
principle, these variables would not be 
correlated. 

Some data problems are encountered © 
even in attempting to measure the proxy 
developed in equations (11). Our source of 
data is the Federal Reserve’s ‘‘Quarterly 
Interest Rate Survey” which records the 
volume of new loans granted by rate and 
size class during the first two weeks of the 
last month of the quarter. With this data, 
the percentage of loans granted to risk free 
firms (proxy Hı) can be at least approxi- 
mated by the percentage of loans granted 
at the prime rate (and perhaps secondarily 
by the percentage of loans which were 
large in size). Unfortunately, in several in- 
stances the prime rate changed during the 
period of the survey, with the effect that 
one cannot distinguish between loans made 
at the new prime rate and loans made at 
this same rate while the old prime rate 
was still in effect. To circumvent this prob- 
lem and secure a more reliable measure, 
we smoothed these quarters as well as 
possible. Following John Hand [2] who 
first used the data for this purpose, we 
combined the smoothed series with three 
other measures based on the distribution 
of loans by size through principal compo- 
nents analysis. More specifically, we cal- 
culated the first principal component of 
the following four series: 


a) The proportion of total loans granted 
at the prime rate. 
b) The proportion of total loans over 


$200,000 in size. 

c) The proportion of loans over 
$200,000 in size granted at the prime 
rate. 

d) The proportion of total loans $1,000- 
$10,000 in size. 


The first three series should enter posi- 
tively into the principal component and 
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the fourth negatively, of course. The 
principal component has a mean of zero 
and standard deviation of unity and the 
four factor loadings were, respectively: 


(a) .988 
(b)  .968 
(c)  .939 
(d) —.959 


This indicates that each series enters prom- 
inently and about equally into the 
principal component. 

The principal component thus derived 
corresponds to the H, measure since the 
series (a) is analagous to Hi. Exploratory 
calculations indicated that the results 
would not be significantly affected by rely- 
ing on the alternative H; measure derived 
from the reciprocal of series (a) to (d).” 
The solid line in Figure 3 is a plot of the 
seasonally adjusted principal component H 
to be used in the tests of the following 
section. The pattern of rationing indicated 
by the proxy seems quite credible through- 
out the period. Note in particular how the 
most recent pattern is consistent with 
what we might have expected, rising very 
high in the second and third quarters of 
1966 and then falling off somewhat in the 
fourth quarter. Unfortunately this series 
cannot be computed beyond 1966 at the 
present time, since the information pro- 
duced by the loan survey beginning in the 
first quarter of 1967 is not strictly com- 
parable with the earlier information.” 

™ We estimated a number of equations using the 
rationing model developed in Section IV for the specifi- 
cation of the independent variables, and the individual 
series (a) to (d), the principal component, and the re- 
ciprocal of each as separate dependent variables. The 
principal component yielded the best fit as expected, 
but comparable results were obtained with the other 
measures. We are grateful to John Hand for making his 
data on these series readily available. 

3 The difficulty arises from the fact that with the 
first quarter of 1967, the period of the survey was 
changed from the first two weeks of the last month of 


each quarter to the first two weeks of the second month 
of each quarter. Because of the strong seasonal com- 


IV. A Test of the Model Using the 
Credit Rationing Proxy 


In this section we propose to use the 
credit rationing proxy to test the implica- 
tions of our model as to the forces con- 
trolling variations in time in the extent of 
credit rationing. This test, relying on 
quarterly time series data for the years 
1952 to 1965, will thus serve to shed light 
on three aspects of our problem: our theory 
of credit rationing, the effectiveness of the 
proxy variable based on the theory, and 
the existence of rationing as an empirically 
significant phenomenon.* 

The principal implication of our theoret- 
ical model is that the main source of 
systematic variations in credit rationing is 
to be found in changes in dynamic ration- 
ing; and that these changes in turn are 
positively associated with the spread be- 
tween the long-run optimal or equilibrium 
loan rate denoted hereafter by rz, and the 
rate actually prevailing, r,.% If we further 
assume that, to a first approximation, this 
association can be formulated as a linear 
relationship within the empirically rel- 
evant range, we are led to 


04)  H=aytar(rz—1z) +e 


Recall that, according to our model, when 
the commercial loan rate is at its long-run 
desired level, so that the second term of 
(14) is zero, we have only equilibrium 


ponent in the four series used to compute H, sufficient 
observations for the new survey period must be ob- 
tained before the new seasonal component can be re- 
liably determined. 

™ Tt is important to note that success in this test will 
confirm the value of the prory as a variable to be used 
in testing for the impact of credit rationing on the real 
sectors of the economy. Indeed, the first uses of the 
proxy for this purpose have been made in (2] and [5]. 

33 denotes an empirical approximation to the 
theoretical construct R developed above. In particular, 
ry must stand proxy for the spectrum of optimal rates 
corresponding to the respective risk classes. Similarly, 
rz stands for the spectrum of actual rates and is mea- 
sured as the average rate on commercial loans compiled 
from the “Quarterly Interest Rate Survey.” 


868 THE AMERICAN ECONOMIC REVIEW 


(15) + b,A[L/(4 — L)]} 


rationing. On the microeconomic level, 
equilibrium rationing depends on the 
specific parameter values for the demand 
functions, density functions, and oppor- 
tunity cost. But our investigation in Section 
II.2 indicated that no systematic relation- 
ship existed between the degree of ration- 
ing and changes in these parameters. Ac- 
cordingly in (14), the constant term ay) may 
be thought of as a measure of equilibrium 
rationing up to a stochastic error term 
which is included in the overall error term 
e When the quoted rate is above the 
equilibrium rate, the amount of dynamic 
rationing can be considered negative in the 
sense that rationing will be reduced below 
its equilibrium level, even though the 
actual amount of rationing can never be 
less than zero by definition. The dependent 
variable as measured by our principal 
component proxy will, in fact, take on 
negative values because the zero point for 
H is chosen arbitrarily. The arbitrary 
choice of origin is, of course, reflected in 
the constant ao, and consequently one can- 
not distinguish between the level of equili- 
brium rationing and the scaling effect in 
the constant. 

We now turn to the important task of 
specifying the equilibrium commercial loan 
rate, rt. Our theory indicated that the 
desired commercial loan rate would be at 


% Equation (14) can be rewritten such that the spread 
between the desired commercial loan rate and the rate 
actually quoted is a linear function of the degree of 
credit rationing. In addition, it has already been sug- 
gested that the timing of adjustments in the commercial 
Joan rate depends on changes in the Federal Reserve 
discount rate. These two factors can be combined into a 
testable partial adjustment model of the determinants 
of the commercial loan rate in which the size of the de- 
sired adjustment depends on the degree of rationing 
while the speed of adjustment depends on changes in the 
discount rate. See fn. 18. 


ri = co + er{rr + b:[(DEP/TB) — 1] — baD62 + bi C + bsL/(A — L) 


that level at which the marginal proceeds 
from a commercial loan, after adjustment 
for risk, would just equal the opportunity 
cost. We also know that this relationship 
will be valid for all other assets in the 
bank’s portfolio. This means that the 
optimal commercial loan rate will tend to 
equal the market yield on any other asset 
held in the bank’s portfolio after adjust- 
ment for risk, maturity, liquidity, and, 
possibly, any expectations concerning fu- 
ture levels of that rate. We are free, then, 
to choose as the standard of comparison, 
any security which is widely held by 
banks, the obvious criterion being practical 
expedience. Our choice, on this basis, is the 
bank’s holdings of Treasury bills. 

On the basis of the above considerations 
we are led to equation (15) as the specifica- 
tion for the desired commercial loan rate, 
where the notation will be defined as we 
proceed. 

Consider first the bank’s return on 
Treasury bills. It may be regarded as con- 
sisting essentially of two components. The 
first component, the Treasury bill rate, 
fr, is straightforward. The second com- 
ponent is the liquidity value of Treasury 
bills, which is more involved and, in fact, 
accounts for the second, third, and fourth 
terms in the brackets. Our basic premise is 
that the liquidity yield of Treasury bills 
should decrease as the bank’s holdings of 
these bills (TB) rises relative to its deposit 
liabilities (DEP). Our specification for this 
liquidity term takes the form b, [((DEP/ 
TB)-1] where bı (>0) is an estimated 
parameter.” 


37 The legal requirement that banks must maintain 
government securities in their portfolio as collateral for 
government deposits raises one conceptual problem. To 
the extent that this requirement necessitates holding 
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The liquidity value of Treasury bills has 
been reduced since about 1962, however, 
by the development of a broad and active 
market in Certificates of Deposits (CD’s), 
which affords the banks an important 
means for increasing their liquidity at 
short notice. The effect of the existence of 
this market may be measured by asimple 


shift parameter or dummy variable and this. 


is included as the term —bz (D62) where 
D62 is a dummy variable which is unity 
starting in 1962-I and zero before then.* 
The value of the CD market.is of course 
severely limited when the Regulation Q 
ceiling on CD interest rates is binding. This 
countervailing effect may be specified by 
an additional dummy variable which takes 
the value one in those quarters, if any, in 
which the secondary market rate for CD’s 
exceeds the ceiling rate. One would expect 
this dummy variable, denoted by C, to 
have a coefficient opposite in sign and of 
the same order of magnitude as the CD 
dummy variable D62. 

The next to last term in equation (15) 
measures the share of the loan portfolio in 
total assets which, as suggested in Section 
II, should tend to affect the opportunity 
cost of funds for loans relative to market 
rates. In addition, this variable may be 
visualized as an adjustment of the required 
rate on loans for their relative illiquidity. 
We anticipate that this illiquidity should 
increase at an increasing rate as the ratio 
Treasury bills of some required amount, the correct 
variable for our analysis would be the free bills; that is, 
the bills held above the required amount. It has been 
suggested that, at least in 1966, such a restriction was a 
restraining influence on bill holdings. Legally, however, 
a wide variety of Federal and Local Government se- 
curities are acceptable as collateral and it is unlikely 
that more than a few banks, probably centered in New 
York City, held Treasury bills only to satisfy collateral 
requirements, even in 1966. 

18 We have also experimented with incorporating the 
CD term in the form of a multiplicative factor operating 
on the Treasury bill ratio itself. Since the two estimates 


are nearly identical, only the results for the linear form 
will be shown. 


of loans to assets (or liabilities) grows and 
thus measure this effect as b,(L/(A-L)) 
where bs (>0) is an estimated coefficient, 
A is total loans and investments, and L is 
the commercial loan portfolio of the banks. 
Finally, we should also consider changes in 
the liquidity ratio, since a dynamic short- 
run increase in loans which is beyond the 
control of the bank would have additional 
(although only transitional) liquidity cost, 
and this effect is accounted for by the last 
term in (15). . 

We have now almost completed the task 
of specifying the desired commercial loan 
rate. To obtain more generality we have 
formulated the desired loan rate as a linear 
function of the terms just summarized. 
The need for the linear function arises be- 
cause we have not yet formally accounted 
for differences in risk and maturity be- 
tween commercial loans and Treasury 
bills. The basic equation to be estimated 
can now be derived by substituting equa- 
tion (15) into (14), which yields: 


H = (ts + tico — dibi) — aro) 
+ di(rr) + dıbı(DEP/TB) 
(16) — dba( D62) + dibd C 
+ d,b,[L/(A — D] 
+ dyb,A[L/(A — L)] 


where d1= 410}. 

The coefficients of (16) were estimated 
using ordinary least squares from observa- 
tions for the period 1952-II to 1965-IV.*# 
(The year 1966 was omitted to enable us to 
carry out extrapolation tests reported be- 
low.) The results are as follows: 


19 The source of data for the independent variables is 
the Federal Reserve Bulletin with the exception of com- 
mercial loans. Commercial loans are the sum of indus- 
trial and commercial loans (from an unpublished Federal 
Reserve series) and nonresidential mortgage loans of 
the commercial banks (from the Federal Reserve Bul- 
ledin). The mortgage loans are included since they are 
made to the same customers as the shorter maturity 
commercial loans. All dollar magnitudes are seasonally 
adjusted and interest rates are measured as a percent. 
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+ .007DEP/TB — 1.27D62 
(1.2) (—7.8) 

+ .614C + 26.7[L/(A — L)] 
(1.6) (8.0) 


+ 9.0A[L/(A — L)] 
(.92) 


Sa = .350 R? = 84 D.W. = 2.02 
(T statistics shown in parentheses) 


These estimates confirm the implica- 
tions of our model in that all coefficients 
have the correct sign and the goodness of 
fit is respectable, taking into account the 
noise in the dependent variable which was 
discussed above. Note in particular the 
very significant negative coefficient of the 
commercial loan rate. This supports one of 
the most distinctive implications of our 
model, to wit, that a rise in the commer- 
cial loan rate given the optimal level of this 
rate as measured by the remaining vari- 
ables in the equation, tends to reduce ra- 
tioning as it reduces the demand and in- 
creases the supply. Similarly, the oppor- 
tunity cost as measured by the Treasury 
bill rate, and the loan illiquidity variable, 
measured by the share of loans in the 
bank’s portfolio, appear as the most signif- 
icant factors tending to increase ration- 
ing, given the commercial loan rate. Al- 
though the Treasury bill liquidity term 
and the change in the commercial loan 
illiquidity term are not significant, this is 
probably due to multicollinearity since in 
the short run, with the level of total assets 
essentially fixed, banks may have to sell 
Treasury bills to meet unexpected loan 
demand. 

The remaining variables are the 
dummies intended to measure the effect of 


CD’s. The coefficient of the CD dummy, 
D62, is both very significant and large 
(since the dependent variable has by con- 
struction unit variance). It suggests that 
the newly acquired ability of banks to at- 
tract and shed funds through CD’s con- 
tributed appreciably to a reduction of 
rationing. The contribution of the ceiling 
rate dummy C, on the other hand, is harder 
to assess because the ceiling was binding, 
and hence the dummy was one, only in the 
last quarter of the sample, 1965-IV.¥ Its 
coefficient has the expected positive sign 
but its magnitude, which we had expected 
to be roughly equal to that of the coeffici- 
ent of D62, is instead only half as large. 
Yet this result makes good sense when we 
recall that the ceiling rate was effective 
only to December 6, which is just about in 
the middle of the two week period during 
which the loan survey is taken. Indeed, it 
suggests that if the ceiling had been effec- 
tive throughout the period, then its effect 
would have come close to offsetting totally 
the contribution of the D62 dummy as 
expected. 

The effectiveness of our model in ex- 
plaining the behavior of the rationing 
proxy can also be judged from the plot of 
the values of H computed from equation 
(17) which is shown by the dotted line in 
Figure 3. The equation appears to track 
the broad movements of the actual series 
as well as the major turning points with > 
leads or lags not exceeding one quarter. 
The largest errors correspond to a number 

* The multiplicity of CD maturities and the thinness 
of the secondary market make it difficult to obtain a 
reliable indicator of those periods in which the ceiling is 
binding. In addition, an aggregation problem arises 
because the ceiling may be binding only for some banks 
or for some regions. The available information sug- 
gests, though, that until the last quarter of 1965 the 
ceiling rate was promptly raised whenever it threatened 
to become a significant hindrance to the issuing banks. 
In October and November of 1965, however, the secon- 
dary rate rose unequivocably above the ceiling and re- 
mained there until December 6th when the ceiling was 


again raised. See Willis [10] for further discussion of the 
secondary market for CD’s. 
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Credit Rationing, 1862—11 to 1968- IV 
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of one quarter spikes in H which may well 
reflect mostly noise in that series. 

In Figure 3 we also present some extra- 
polations of our equation to the year 1966, 
which marks the end of the -period for 
which usable data on the rationing proxy 
are presently available. Unfortunately 
extrapolations of (17) to 1966 run into 
rather formidable difficulties because 
throughout the last three quarters the 
ceiling rate on CD’s fell short of the secon- 
dary market rate. Nonetheless we feel it 
worthwhile to exhibit these extrapolations 
because of the tentative light they shed on 
the working of the ceiling rate. If one 
extrapolates (17) as though the ceiling rate 
dummy C were zero, one obtains the com- 
puted values represented by the dotted 
dashed line and as expected, this extra- 
polation very much underestimates the 
extent of rationing in the last three quar- 
ters. In order to allow for the ceiling effect, 
an alternative extrapolation of (17) was 
carried out for the last three quarters, 


a Cf. fn. 23. 


represented in Figure 3 by the dashed line, 
in which the dummy variable C was as- 
signed the value of one. In addition, since 
the ceiling rate was effective throughout 
these quarters, it was also assumed that 
the coefficient of C was equal numerically 
to that of D62. Stated differently, the 
alternative extrapolation assumes that a 
binding ceiling has the effect of undoing 
the loosening effect of CD’s measured by 
the dummy D62. It is seen that this alter- 
native fits the observations remarkably 
well. 

These results, if taken at face value, 
have rather interesting implications for the 
modus operandi of ceiling rates as a tool of 
monetary policy. In particular they would 
support the view that, by allowing the 
ceiling rate to become a real hindrance to 
the ability of banks to attract new CD 
funds, the Federal Reserve could reduce 
significantly the availability of funds to 
the commercial bank customers of the 
banking system. This reduction would 
presumably occur to the benefit of cus- 
tomers of other intermediaries and/or of 
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those firms able to raise funds directly in 
the market. It should be recognized, how- 
ever, that our evidence in support of this 
inference is at the moment rather limited 
and hence, quite tentative, until it can be 
confirmed by further experience under 
similar circumstances. Of course, by the 
time the system is again exposed to similar 
circumstances, it may have learned ways 
of evading or by-passing, at least partially, 
the constraint imposed by the ceiling. 
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Pecuniary and Technological Externality, 
Factor Rents, and Social Costs 


By Dean A. WORCESTER, Jr.* 


Analysis of external effects in produc- 
tion has turned during the last 15 years 
from analysis of pecuniary and techno- 
logical economies and diseconomies of well 
defined industries (and a belief that the 
effects are minor),! to analysis of interde- 
pendence among very few, often only two, 
individual utility or production functions 
(and the belief that the effects may be 
important).? This shift seems to have been 
inspired by Ronald Coase [4]. He is the 
first to have shown that firms in competi- 
tive industries which have interdependent 
production functions will find negotiations 
that properly adjust for the externality to 
be profitable. He also shows that merger of 
the two firms will result in optimal re- 
source allocation. 


* Department of economics, University of Washing- 


| ton, He wishes to thank José Encarnacion and J. 


Timothy Peterson for their helpful comments on an 
earlier draft and the anonymous reader for many helpful 
suggestions and especially for skillful excisions which 
sharpened this paper and provided much grist for addi- 
tional work. 

1 The traditional literature came of age with Pigou’s 
[15] Economics of Welfare, which extended Marshall’s 
treatment [11] and Young’s [23] constructive review of 
Pigou’s earlier Wealth ond Welfare before the first 
World War, It reached its first plateau in the 1920’s 
with the controversy among Clapham [5], Robertson 
[17], and Pigou [14] over “Those Empty Economic 
Boxes” and Knight’s article [9]. Viner [21] systematized 
the literature in the early 1930s. Ellis and Fellner [8] 
and Lerner [10] made contributions during the 1940's. 
The first satisfactory statement distinguishing be- 
| tween technological and pecuniary economies, Samuel- 
son notwithstanding (18, p. 209], seems to have been 
made by Baumol [1], although he does not claim 


. | originality. 


| 2The recent analysis seems to have begun with 

Meade [12] and has been continued by Scitovaky [19], 
Buchanan and Stubblebine [3], Davis and Whinston [6], 
\Turvey [20], and Wellisz [22]. It is well summarized 
up to 1965 by Mishan [13], but continues, in the work 
of Plott [16], Buchanan [2], Dolbear [7], and others. 
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No one has argued recently that all of 
the externalities in even a small enterprise 
economy can be overcome by negotiation, 
merger of the interdependent firms, or by 
wholesale merger of all firms into an ad- 
ministratively planned economy. On the 
contrary, recent work has emphasized the 
difficulties that make even conceptual 
solutions appear virtually impossible for a 
wide range of cases. 

Neoclassical analysis, which rests on the 
relationships between firms and industries, 
is utilized in this paper for five reasons. 
(1) It is adequate to reveal the basic source 
of externalities. (2) It provides a logical 
progression of steps for the extension of 
the analysis. (3) It is more readily appli- 
cable to feasible social controls that can, in 
many cases, reduce the considerable dis- 
tortions due to the presence of externali- 
ties. (4) It lends itself to an analysis of the 
welfare effects of alternative market struc- 
tures in the presence of externalities. (5) 
It is appropriate for both separable and 
nonseparable cost functions as defined by 
Otto Davis and Andrew Whinston [6, 
p. 245]. 

The principal points to be made here are: 
(1) Technological economies and disecon- 
omies occur when the firms comprising the 
industry are not able to equalize the ratios 
of marginal products to factor price ratios 
which reflect alternative costs, because one 
or more of the factor costs to the firm do 
not equal opportunity cost to the industry 
(or to society). This is often the case, 
arising when the technical production 
function of an industry is not accommo- 
dated properly by the prevailing system of 
ownership, legal rights and the like. Tech- 
nological diseconomies exist when, in 
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addition to discrepancies between the 
ratios of marginal products to opportunity 
costs, the firms’ average and marginal cost 
curves shift upwards as the total demand 
for some resource rises thus generating a 
rising industry supply price. Techno- 
logical economies exist when the firms’ 
curves fall under these circumstances, 
Pecuniary economies (diseconomies) exist 
when the industry average cost is falling 
(rising) but the marginal equalities be- 
tween factor prices which reflect alterna- 
tive social costs and their marginal prod- 
ucts prevail. (2) The size of the welfare 
loss associated with economies and dis- 
economies (henceforth referred to simply 
as economies unless otherwise specified) is 
very much affected by the particular type 
of externality present and the structure of 
the industry in question. The types of ex- 
ternalities considered are pecuniary or 
technological and the types of industry 
structures are competition, simple and 
first degree discriminating monopoly, and 
simple and first degree discriminating 
monopsony. (3) It is useful to distinguish 
economies that are internal to an industry 
from those that are external to it because 
some industry structures offset techno- 
logical externalities when they are internal 
to a specific industry, but cannot when 
they are external. 

The plan for this paper is as follows: (1) 


3 “Industry supply curve” refers to the locus of 
minimum average cost for a group of one or more firms 
producing a homogeneous product where the quantity 
of all factors (which are assumed to be homogeneous) 
and the numbers of firms are freely variable as industry 
output expands except that the total supply of some 
input or inputs may be fixed to the industry. It may 
be defined alternatively as the summed output of all 
firms in the industry at each price where the long-run 
and the short-run marginal cost are both equal to each 
alternative price. This is often referred to as the long- 
run supply price (LRSP) curve. “Industry marginal 
cost” (MCr) is similarly construed, and is marginal to 
the industry average cost. Under competitive condi- 
tions, MC, is a decision variable for no firm although 
it denotes marginal social cost (MSC) when a tech- 
nological externality is present. 


A linear homogeneous production function 
is described which will provide the basis 
for theoretical analysis. (2) The analysis 
relevant to a competitive industry ex- 
periencing technological diseconomies is 
examined in detail so as to provide a solid 
basis for the treatment of other industry 
structures and for economies. (3) The ad- 
vantages and disadvantages of a few of the 
alternative ways of harmonizing private 
and social costs are examined. Analysis of 
specific cases, however, is left to another 
occasion. 


I. The Production Function 


The following analysis is illustrated by 
examples based upon a production func- 
tion homogeneous of degree one, which 
displays ridge lines in the positive quad- 
rant and which is considered to be relevant 
to a whole industry whether organized 
competitively or otherwise. This simple, 
comparatively well known function is 
chosen to emphasize the fact that neither 
technological nor pecuniary economies or 
diseconomies rest fundamentally upon the 
nature of the returns to the industry, but 
rather rest upon violation of the equality of 
the ratios of marginal products to their 
factor prices at equilibrium positions.‘ 

Figure 1 consists of four panels which 


* This point seems to have been made first by Abba 
P. Lerner in 1943 [10, Ch. 15, 16, 17] but, so far as I 
know, has not become part of the literature. Lerner 
did not thus distinguish between technological and 
pecuniary (dis)economies because his “Rule” is care- 
fully designed to price indivisible and fixed factors 
according to what might now be termed their shadow 
marginal products. The present analysis attempts to 
show that this procedure converts technological into 
pecuniary diseconomies and thereby supports Lerner’s 
conclusion that misallocation under these circumstances 
is nothing more than a failure to adhere to the equality 
of the ratios of factor prices to their respective marginal 
products. Lerner’s handling of technological economies 
is just as advanced (virtually the 1968 level), if not so 
satisfactory. Acceptance of Lerner’s procedure may 
have suffered because it directs attention to his pro- 
posed social control devices rather than his analysis, 
but fundamentally it seems simply to have been too 
neat. 
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describe the production function, the costs 
and revenues, and the demand for factors 
of production by an industry that will al- 
ternately be considered to represent each 
of five industry structures. Panel A illus- 
trates a production function of the postu- 
lated type with two inputs, labor (Z), and 
land (T). Since proportionate increases in 
inputs yield proportionate increases in 
output, all outputs are readily determined 
if the output index is taken as 1.0 where 
isoquant Qo crosses ridge line OL. Land 
represents some input whose supply is 
fixed and which is useful only in the in- 
dustry under consideration. Fixity of sup- 
ply is not essential to the argument but isa 
useful simplifying assumption relevant to 
a number of important industries. Useful- 
ness to but one industry, while not es- 
sential to the principal conclusion; is not 
only relevant to important industries but 
involves significant theoretical and prac- 
tical distinctions, Removal of this restric- 
tion generates pecuniary externalities, 
which I wish to ignore. Panel B shows the 
relationship between output and total cost. 
It also provides a money scale that permits 
one to show alternative total revenue func- 
tions which correspond to alternative 
prices. The usual geometric relationships 
are used to find the industry marginal and 
average money cost curves shown in Panel 
C. They are drawn on the assumption that 
the price of land, Wr, is zero, and the price 
of labor, Wz, is positive at the level illus- 
trated in Panel D. Rising factor costs to 
the industry are considered later when 
pecuniary economies are analyzed. 

The lines on Panel D reveal the marginal 
products of both labor and land, calcu- 
lated in principle for land as a shadow mar- 
ginal product implied by the marginal 
rates of substitution at the intersections of 
the various isoproduct curves with the ex- 
pansion path 77. The input axis of Panel 
D shows the proportion between the vari- 
able factor (labor) and the fixed factor 


’ (land) associated with each level of output. 


If price is a constant at Po (see Panel C), 
these curves also depict the value of the 
various marginal and average products, 
and provide a scale upon which money 
wages and rents can be shown. 

No panel shows the position of an in- 
dividual firm when the industry is viewed 
as being competitive. The average cost for 
the industry (4Cr) is identical to the con- 
ventional long-run supply curve (referred 
to henceforth as LRSP) traced out by the 
loci of the average cost associated with the 
intersections of the long-run marginal cost 
and short-run marginal cost as the number 
of firms fluctuates in response to changed 
industry demand.’ Whatever the industry 
structure, this curve is considered to repre- 
sent minimum cost of production for each 
output when factor prices are fixed at 
Wr and Wr (Panel D). 

The LRSP of a competitive industry as 
shown by the LRSP in Panel C may be 
said to reflect technological economies 
from zero output up to Qg, and technolog- 
ical diseconomies beyond that point, be- 
cause with constant factor prices the U- 
shape depends solely upon the production 
function for the industry. A corresponding 
function with the same shape reflects 
pecuniary economies where an optimal rent 
is charged. The size of the rent must vary 
as the industry price and optimal output 
varies. It will be a charge sufficient to 
make the private factor cost equal to its 


social cost. 


IL. Competitive Equilibrium 
jor a Sub-Industry 


To facilitate a clear distinction between 
rents and profits, consider first a sub- 


‘industry, catching a particular kind of fish 


from a particular fishing ground. It is as- 
sumed to comprise so small a part of the 
ë Point B is marginal to LRSP at point C: The 


marginal cost to LRSP at point B ere ae 
shown inexactly as B’. 
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FIGURE 1. PRODUCTION FUNCTION, Cost AND REVENUE AND RELATED FuncTions FOR AN INDUSTRY 


market for that species that its price is 
affected overwhelmingly by the demand 
for fish in general and only imperceptibly 
by its own output. Two of these narrowly 


defined industry demand curves are shown 
in Panel C, namely PoPo’, and P1P;’, and 
in Panel B by the corresponding total rev- 
enue curves, OB, and OBı. Such a sub- 
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industry will expand output until profits 
fall to a level just sufficient to hold the 
firms in the industry, their summed out- 
puts equalling the quantity demanded. 
The equilibrium output is in this case the 
same for both of these demand functions as 
is shown by Q, (Panels B and C) and 
points c and c’ on isoquant Q, in Panel A. 
Where labor inputs exceed Lg (Panels A, 
B, and D), this competitive industry ex- 
hibits a true backward bending supply 
curve. Such have been observed in certain 
fisheries and oil fields with multiple own- 
ers, and probably exist for other common 
property resources and publicly supplied 
goods. This happens because in the ab- 
sence of a charge for land, the average 
value product of labor for each firm is 
equal to the wage rate at equilibrium, al- 
though the marginal factor cost to the 
industry is much higher. In this instance, 
| all costs are labor costs, and the industry 
expands or contracts until abnormal profits 
are eliminated. This occurs where price= 
LRSP in the product market (point C in 
Panel C), although marginal cost to the 
industry is at point B. 

At the higher price, Pı, valuable re- 
sources with positive opportunity costs are 
; employed, specifically additional labor in 
the amount of L.L.’ (Panels A and B), with 
no net addition to total production, the 
marginal product of labor being positive at 
first but negative beyond La. Lesser, but 
| still substantial waste occurs if price is 


| © An example of publicly supplied goods is streets, 
lespecially freeways that are so overloaded at peak 
hours as to suffer a reduction of traffic flow. If possible, 
rents should be charged during these periods without 
further impeding traffic flow. Such a system apparently 
fis technically feasible, I have been told that the Nether- 
jand’s traffic police use electronic devices which photo- 
graph speeding cars on certain freeways. Fines are 
charged against their owners, the photographed license 
plate providing the needed information for sending the 

ill. If such a system exists, it could be expanded to 
photograph all cars at rush periods; those choosing to 
use the freeway at that time would be billed for the 
rent, 





Po, output Q., and inputs L./T. Attention 
is henceforth confined to the analysis of 
this lesser amount of waste. 

It is immediately evident from Panel D 
that, where inputs are L,/T, the marginal 
product of labor. to the industry point 
M, is a bit less than 50 percent of the 
wage rate, and that the marginal product 
of land, Mr, is far above the (zero) price at 
which it enters the firms’ cost functions. 
This relationship is also shown in Panel A 
by the negative slope of the industry iso- 
quant at point C where isoquant Q, is not 
tangential to the isocost line L.CH. The 
latter is vertical because the price of land 
is zero. The inevitable conclusion follows 
(however paradoxical it might have 
seemed to Ricardo or Marx). Although 
labor gets the whole return, social output 
is much reduced because labor is being 
wasted for want of price on land. Labor is 
being wasted because its alternative mar- 
ginal contribution to other industries ex- 
ceeds its marginal value product here. 
Output should, of course, be contracted 
until labor’s marginal productivity to the 
industry (rather than its average produc- 
tivity) equals its wage. This occurs at 
point L,/T in Panel D and corresponds to 
an optimal output of Qs in Panels B and C. 
At that point, a positive rent exists since 
the marginal product of land is Re (Panel 
D). This is equivalent to the difference be- 
tween the average and marginal products 
of labor (Panel D), the gap between total 
revenue and total cost, BoRo, shown in 
Panel B, and the difference between 
ERSP and price times the output, CaF 
(PF) in Panel C. 

Ownership of the land will tend strongly 
to produce an optimal level of production. 
In this case, where output of the sub- 
industry does not affect the output price, 
it does not matter whether ownership of 
land is concentrated or dispersed. 

This treatment seems one-sided since the 
classical remedy via taxation is ignored. In 
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the case under discussion, taxation, either 
of inputs or outputs is, in principle, an 
effective means for optimizing output. An 
optimal license type tax on inputs is 
equivalent to rents. A tax on the output 
sufficient to reduce the net price to sup- 
pliers to Co (Panel C) would also result in 
optimal output. Taxation is widely re- 
garded as superior to rents because the tax 
revenues supposedly have more desirable 
income effects than do rents. There are 
disadvantages in administration, however, 
for it is also true that the tax rate, whether 
levied against inputs or outputs, must be 
‘optimally adjusted for every change of 
product price, factor costs, and technology 
that affects factor proportions. One can 
believe that the adjustment process via 
changing rents will be more finely tuned 
than via tax adjustment. 


Ill. Welfare Loss Due to Failure 
to Charge Rents 


The welfare loss resulting from a failure 
to charge the optimum rent in the case 
illustrated by Figure 1 can be shown by 
either of two areas in Panel C, or by a com- 
parison of cost and revenue in Panel B. If 
price is Po and if no rents are charged, 
equilibrium output is Q, and both total 
revenue and total cost for the industry are 
QB. (Panel B), or Q.CP oO in Panel C.? 
Yet, marginal social cost, which is equal to 
MC; in Panel C, is Q.B, about 60 percent 
higher than Py. If maximum rents are 
charged, output drops to Qs and unit costs 
to QoCy (Panel C) where the social opti- 
mum is indicated by the intersection of 
MC; with Py at point F. Total costs (ex- 
cluding rents) and revenues are equal to 
QoBo and QoRo respectively on Panel B. 


Comparison with the competitive equi- — 


librium shows that consumers lose satis- 
faction for which they would have paid 
RoE; (Panel B), while resources valued at 


`? Tt should be kept in mind that each firm is in zero 
pure profit equilibrium with WC=AC=P when the 


industry operates at Qs, or indeed at any other output 


where LRSP =P, 


BoE; are saved and presumably used to 
produce an equivalent value of goods and 
services in other industries. The net gain, 
which is the largest attainable, is BoRo: 
precisely equal to the maximum rent. 
The same result is illustrated, perhaps 
more persuasively, in Panel C where the 
rent and the welfare gain appear as differ- 
ent areas. The maximum rent is shown by 
the rectangle with sides PF and FC). The 
welfare gain resulting from the imposition 
of the rent is shown by the approximately 
triangular area FCB. The fact that these 
two areas must be equal appears obvious 
from Panel B, but it holds only when price 
is equal to marginal revenue for the in- 
dustry. Otherwise the rectangular area 
includes a combined maximum of rent and 
profit, which occurs when output is re- 
stricted below the optimum level and the 
demand curve is sloping. The profit plus 
rent rectangle is augmented, but the wel- 
fare gain is reduced. This situation is 
analyzed below. l 


IV. “Technological” Diseconomies: 
Competition, Normal Indusiry Demand 


Now that the flat sub-industry demand 
curve has enabled us to define the marginal 
social cost function and to relate it to rents, 
it is time to admit that even sub-industries 
typically confront demand curves that 
slope downward and toward the right as 
illustrated in Figure 2, which is otherwise 
the equivalent of Panel C. The relation- 
ships among physical inputs and outputs, 
and the prices of the factors remain the 
same as in Figure 1, and the now sloping 
demand curve is drawn to leave the no 
rent competitive price Po and output Q, 
unchanged. The money demand for factors 
as a whole would (if shown) be rotated 
clockwise around their former equilibrium 
positions. 

The principal modification of the analy- 
sis is the reduction in the size of the welfare 
gain incident to the imposition of an opti- 


| 


AEN: 
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mal rent to the shaded area CBP,, and an 
increase of optimal rent to P,E per unit of 
output. In this case, optimal rents are ap- 
proximately doubled while the potential 
welfare gain is lessened. Each of these 
modifications follows from the fact that a 
smaller adjustment of output below the 
competitive level suffices to achieve the 
optimal result, since price rises as output is 
reduced so that optimum output and price 
occur at Qos and Pp 


Simple and Discriminating Monopsony 

The same situation illustrated by Fig- 
ure 2 can also be viewed as a monopsony. 
Suppose that the freely competing fisher- 
men must sell to a single cannery (perhaps 
a local government monopoly). The can- 
nery may be completely devoid of monop- 
oly power, selling its products in distant 
markets in competition with hundreds of 
rivals. In this case the appropriate demand 
curve for the fish is the horizontal line, 
P,P’. A maximizing simple monopsonist 
will buy quantity Qs at price Cy which it 
resells at price OP) plus its value added per 
unit. His profit is equal to FC» per unit of 
output, exactly the maximum rent under 
competition. Output is induced to the 
optimal level because his profits are maxi- 
mized where MC, (the marginal social cost 
in this case) equals price. The price paid to 
the fishermen, Co, is on the LRSP for the 
industry, so only the correct number of 
firms and levels of output are induced. If 
the demand curve is P,C, the competitive 
optimum (with rents) is attained at output 
Qo, and fishermen’s price E. l 

A discriminating monopsonist, on the 
other hand, will overproduce. This is il- 
lustrated by the extreme case of the per- 
fectly discriminating monopsonist who 
drives all or nothing bargains with each 


fisherman, or pays a minimum price for ` 


each unit purchased thus making the dis- 
criminating monopsonist’s marginal cost 
curve equal to his average cost curve which 
is the LRSP for the industry as shown in 
Figures 1 and 2. A discriminating monop- 
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FIGURE 2. OPTA: TECHNOLOGICAL DISECONOMIES 


olist maximizes profit when output is 
carried to the competitive no rent level, 
Q.. Welfare loss (FCB) is the same as under 
competition; profits exceed optimal rent 
slightly more than FC,C8 


Simple Monopoly? 


Consider again the effect of the sloping 
industry demand curve P,C. Should the 


8 The appropriate profit calculation is somewhat 
troublesome because external economies are shown up to 
Qz and external diseconomies thereafter. In a later 
section, we find the direction of adjustments reversed 
for external economies. In the present instance, it seems 
most reasonable to assume that the discriminating 
monopsonist will use his power to hold purchase prices 
to the minimum average cost, G, for supplies up to 
quantity Qg. The addition to profit (in addition to the 
rent equivalent) resulting from perfect discrimination 
is that shown by FCC, plus the difference between 
buying prices G and Ce for every unit up to Qx plus a 
diminishing sliver of profit between Qg and Qo. 

° The nature of costs under monopoly and monopsony 
are often insufficiently defined. If long-run monopoly 
and competitive equilibria are to be contrasted on the 
assumption of long-lived barriers to entry, then full 
adjustment to alternative output levels must be per- 
mitted. This includes alteration of number of estab- 
lishments, centralized and decentralized control sys- 
tems, and the like. When this is done, the average cost 
curve of the monopolist comes from the same family as 
the LRSP of the competitive industry. The U-shapes 
which are universally drawn for monopolists are ques- 
tionable generalizations. 

It seems much more likely that they are like the 
LRSP under competition plus an additional cost per 
unit to cover the additional costs of coordination and 
preservation of the barriers to entry. Yet, some econ- 
omies may also be forthcoming. Here the LRSP under 
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firms in this industry form a perfectly 
efficient cartel such that the control over 
output becomes absolute and the industry 
cost function is not raised above that for 
competition, the cartel would, if a simple 
monopolist, maximize its profit at Qx. 
Price is then OuD. Because it has control 
over entry, it will not overuse the resource 
(which we have assumed thus far to be 
useful only in this industry), and it will 
consider the effect of its output on price. 
Thus marginal revenue will be made equal 
to marginal social cost. 

All of the factors (the price of which we 
continue to hold constant) including the 
natural resources are underused by monop- 
olists. Compared to the competitive re- 
sult when an optimal rent is paid, value of 
output to the consumers is reduced by the 
area under DP, while costs are reduced 
only by the area under KP,. There is a 
welfare loss of the shaded area DP,K to be 
set against the welfare gain of P,BC, the 
other shaded area, as compared to com- 
petitive equilibrium when no rent is paid. 
Simple monopoly may be either better or 
worse than competition if no rents are 
charged depending upon the relative elas- 
ticities of the industry demand and of the 
long-run average cost curve of the monop- 
olist, assuming the latter to be identical to 
the long-run supply price for the industry 
when organized competitively. 

In this example, rent per unit of output 
falls to JZ, but profit per unit of output is 
ED. In either case, the gains, if any, to the 
consumer are small compared to the gains 
in profits plus rents to the cartelizers, when 
both are measured in money. One must 
imagine brutish consumers and epicurean 
businessmen to be willing to urge the 
merits of increased efficiency by monopo- 


competition and the ZAC under monopoly are treated 
as identical, and analysis is confined to the effect of 
structure on the conditions for equilibrium and their 
effect on optimal resource allocation. A U-shaped 
LRSP is used only for illustrative purposes and to 
reduce the number of figures, since that shape contains 
all three types of returns. f 


lization even in those cases where there is a 
clear welfare gain. A government mo- 
nopoly might find approbation if the in- 
dustry is thought to be essential and if the 
profits plus rents were utilized to accelerate 
economic growth, but it is not a welfare 
optimum. 

A sophisticated combination of subsidies 
that effect marginal costs and induce 
larger output and a license type tax to 
capture pure profits or rents can, in prin- 
ciple, produce an optimum result under 
simple monopoly. The relevant curves 
must be accurately known, and prompt 
adjustments made when they shift if an 
optimum is to be attained. 


Perfectly Discriminating Monopoly 


A perfectly discriminating monopolist, 
whose long-run average cost is identical to 
the competitive long-run supply curve, 
would carry output to the socially optimal 
level (Qox in Figure 2) provided that vari- - 
able inputs’ wages are determined inde- 
pendently of industry output and that 
fixed inputs are specific to the industry, as 
is the case here. 

Implicit rent is restored to the maximum 
level (EP, per unit of output) and profit 
plus rent is maximized (P,P,KH). The rea- 
son for the good allocation result is that 
all social costs are internalized by the de- 
cision making unit when such an industry 
is monopolized, and the demand curve is 
also the industry marginal revenue curve. 
This is true with perfect discrimination 
since the firm need not cut the price on any 
unit of sales in order to extend its sales 
further by means of lower prices to other- 
wise excluded buyers. The transfer to the 
monopolist is enormous and may be more 
objectionable to many social critics than 
the misallocation that is overcome, but 
this is a different problem. 


V. Pecuniary Diseconomies 


` Virtually all of the conclusions which 
relate differing industry structure to opti- 
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mal allocation in the presence of techno- 
logical diseconomies must be reversed 
when pecuniary diseconomies cause cost 
changes as an industry expands or con- 
tracts. Optimal allocation of resources 
occurs under competition and perfectly 
discriminating monopsony; restricted pro- 
duction and welfare loss is a consequence 
of simple monopoly, perfectly discriminat- 
ing monopoly, and of simple monopsony. 

The textbook distinction between tech- 
nological and pecuniary diseconomies is 
that the latter is accounted for by rising 
factor costs per unit of output, not the na- 
ture of the production function. The pre- 
ceding analysis has shown this distinction 
to be but a special case of a more funda- 
mental difference. Technological disecono- 
mies occur when the cost of output is rising 
and the cost of some input to the firms is 
less than its opportunity costs to its in- 
dustry without reference to the shape of 
the factor supply curves. Hence any rise 
in output cost is pecuniary if the marginal 
equalities are maintained between the 
prices of factors which reflect opportunity 
costs and their respective marginal prod- 
ucts. Whenever this is true, the LRSP is 
the curve of marginal social costs (MSC), 
and optimal output is found where LRSP 
=P. This is true because any increase in 
the marginal cost of output per unit re- 
flects either (1) a rise in the opportunity 
cost of the factors due to expansion of this 
industry which thereby raises their op- 
portunity costs in each of their uses, or (2) 
because of lower marginal productivity, or 
both. 

This may be illustrated with Figures 1 
and 2 when optimum rents are charged. 
The LRSP for a competitive industry be- 
comes identical to the MSC (which, it will 
be recalled, coincides with the former 
MCy,). These are shown in Figure 3 as 
ERSP yo end MC. The MSC curve, of 
course, does not shift. 

A new marginal cost to the industry 
arises which is marginal to the new LRSP. 
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FIGURE 3. Oprmta: TECHNOLOGICAL AND 
PECUNIARY DISECONOMIES 


It is denoted MC,,, in Figure 3, and is rele- 
vant to pecuniary externalities. 

The welfare effects relevant to the five 
alternative market structures are readily 
compared using the standard definitions of 
equilibrium. Optimal output occurs at Qo 
where MSC=Demand. This is also the 
competitive equilibrium because LRSP peo 
= MSC. Simple monopoly operates at Qu 
where MR=MC,,, and produces a welfare 
loss of Pa PoN. Unlike the situation where 
the diseconomies are technological and 
monopolistic restriction tends to offset 
competitive overexpansion, this is an 
unmitigated, even a multiplied, loss be- 
cause the firm’s marginal cost lies above 
marginal social cost and its marginal rev- 
enue lies below the demand curve in the 
relevant ranges. A perfectly discriminating 
monopolist maximizes where MC,,.= Price. 
A welfare loss of P,P oS results since MC,,. 
lies above MSC. 

Viewed as a simple monopsony, the 
supply curve to a single buyer in this com- 
petitive market is LRSP,.=MSC. The 
buyer’s marginal cost is, therefore, MCpea 
which he will set equal to his demand 
curve, and buy Qa, at price S° Again the 

10 The reader may note an anomaly here. LRS P yee 


is taken as the supply price even to the left of point G 
where the optimum rent is zero. This implies an opti- 
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welfare loss is P,P,S. A perfectly discrim- 
inating monopsonist will find his marginal 
factor cost to be equal to the LRSP pee- 
Profit maximization occurs at Q, which is 
the same as the competitive output and is 
a welfare optimum according to the usual 
definitions. Profits, however, are not nor- 
mal, being equal to PaP,MH. 

All of the noncompetitive structures 
garner profits, but the relationship be- 
tween the size of the profits and the size of 
the welfare loss is highly irregular. 


VI. External Economies 


Figure 1 illustrates too, the welfare re- 
sults of alternative structures for external 
technological and pecuniary economies. 
The dashed line in Panel C is interpreted 
as the industry demand curve. The cost 
curves of Panel C up to Qz, and the cor- 
responding portions of the associated 
curves in the other panels in Figure 1, re- 
late the alternative equilibria to the basic 
technological and factor price constraints 
where external economies accompany the 
expansion of the industry. Market de- 
mand is such that with the most efficient 
organization of production, competitive 
equilibrium must occur at point H (with 
zero price of land) at which point LRSP is 
still falling. Tracing this equilibrium back 
to Panel A, we find point F which is out- 
side of the economic sector because the 
slope of the isoquant denotes a negative 
marginal product for land. Tracing this 
combination to Panel D, we discover not 
only that the marginal product of land is 
well below its (zero) price to the firms in 
the industry, but that the marginal prod- 
uct of labor is correspondingly far above 
its wage rate. Labor is being wasted by 
insufficiently intensive use. Yet profits are 
only normal. 





mum negative rent where LRSP pe <LRSP uc This is 
indeed the correct implication. In this range, techno- 
logical economies exist which involve negative shadow 
marginal products for the unpriced fixed factor. This 
case is discussed in the next section. 


Point J (Panel C) represents optimal 
allocation where demand= MSC. If its 
associated output, Qo, is traced back to 
Panel A, we find a smaller but still nega- 
tive marginal product of landimplied by the 
interpolated slope of the isoquant at point 
G. The corresponding points in Panel D 
seem to suggest a continued failure to 
bring the marginal cost of labor into 
equality with its wage rate, but this is an 
illusion. The price of the product is about 
one-fourth lower at J, as compared to H, 
so that the value of the marginal product 
in Panel D should be altered proportion- 
ately. This produces the desired equality. 

The value of the marginal product of 
land requires a similar adjustment, but it 
must remain negative at the optimal out- 
put and combination of inputs. Thus, the 
optimal marginal product of land must be 
negative, and a competitive industry can 
produce at the optimal rate only if a nega- 
tive rent (a subsidy) of optimal size be 
paid for the use of the unpriced resource. 

The need for a subsidy to competitive 
industries to induce optimal levels of op- 
eration in the presence of technological 
economies has long been known. The very 
similar argument favoring subsidization of 
regulated monopolies when economies of 
scale are internal to the firm is based on the 
same analytical conclusion, that profitable 
operation is impossible at the socially op- 
timal rate of output. 

The equilibrium positions for other in- 
dustry structures where external techno- 
logical or pecuniary economies exist are 
illustrated in Figure 4 which reproduces 
Panel C and also includes the cost curves 
relevant to pecuniary economies. Sub- 
scripts , and , are used to designate points 
relevant, respectively, to technological and 
pecuniary externalities. The analysis of all 
four conditions, technological and pecun- 
lary diseconomies and economies, is sum-. 
marized in Table 1. 

It is evident that a given structure yields 
the same general welfare effect whether 
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TABLE 1—EQUILIBRIUM CONDITIONS AND WELFARE Loss Duz to EXTERNAL 
DISECONOMIES AND ECONOMIES, BY TYPE OF INDUSTRY STEUCTURE 










Simple Monop- 
sony (where 
demand is seen 
as marginal 
value product 
and LRSP as 
the supply 
function) 


MC:=MFC=P 
MC,=MFC=P 


Monopsony 
Technological 
Pecuniary 





LRSP,=P 
LRSP =P 








W, Qo 
E', Q 


optimum 
P,PoE’ 


eae as simple monop- 


sony** 





T Note that the wage lies on the supply curve LRSP even when the supply curve lies 


above the demand curve. 


* This is equal to the loss for a simple monopolist under technological economies only 


by coincidence. 


" Discriminating monopsony yields lower profits than simple monopsony when the 
supply curve is downward sloping because discrimination raises the average price of the 
factor. Hence a firm with power to discriminate will not utilize it. 


such external effects are diseconomies or 
economies, and that a structure that opti- 
mizes when economies are pecuniary will 
fail to do so when they are technological 
and vice versa. 


VII. Externalities External 
to the Indusiry 


One important limitation has been re- 
tained thus far, the industry concept and 
the implication that externalities exist 
only among firms producing a homogene- 
ous product. When this limitation is re- 


moved, choice among means for correcting 
for externalities is reduced in principle and 
virtually eliminated as a practical matter. 
One can argue persuasively that optimiza- 
tion by simple monopsony or by organizing 
perfect monopolistic discrimination is en- 
tirely impractical in any case even if in- 
come effects should be ignored. If the 
economies or diseconomies are external 
not only to the firms in an industry, but 
also to any given industry, i.e., among 
firms that are not producing homogeneous 
products, the structural options are lost 
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even in principle. An optimizing policy 
must attempt to achieve competitive 
equilibrium with inputs priced according 
to their alternative costs. This is true be- 
cause it is virtually certain that the factor 
proportions of different users will differ so 
that the improperly priced factor will not 
be properly allocated by discrimination or 
regulation among competing users. The 
foregoing analysis assumes that theim- 
properly priced factor has but one use and 
will be given an optimal implied value by a 
monopolist who treats it as a residual. This 
implied price is the rent. If the improperly 
priced factor is used in two or more in- 
dustries, its allocation among them needs 
to be such that its implicit marginal value 
to each industry is the same." 


PRCE 






MSC EMC} a LRS P 
LRSP, 
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FIGURE 4. OPTIMA: TECHNOLOGICAL AND 
PECUNIARY Economies 


VIL. Are Any Boxes Empty? 


It is now possible to list the various 
types of external economies. They fall 
conveniently into eight categories. Each is 
listed below with an illustrative example. 
This classification should not obscure the 

"This point is also valid within an industry when 
the various firms utilize different processes and have 
different implied values for the input fixed to the in- 
dustry. 


more basic fact that any technological 
economy or diseconomy can be converted 
into a pecuniary one by appropriate pric- 
ing of inputs. The listing reflects the au- 
thor’s judgment of the typical pricing prac- 
tices in the United States. These should be 
examined more carefully after alternative 
methods of adjusting for technological 
economies and diseconomies have been 
surveyed and refined. 


A. Externalities which are internal to a 
specific industry: 

1. Technological diseconomy: common 
property resources; fisheries, and oil 
formations used by competing firms. 

2. Technological economy: public utili- 
ties; especially electric power, water 
supply, sewage disposal where a 
single price covers all costs. 

3. Pecuniary diseconomy: the most 
common case, where expansion en- 
counters rising factor prices and/or 
declining marginal productivity. 

4, Pecuniary economy: increased spe- 
cialization via purchased inputs or 
subcontracting with expansion of in- 
dustry output; clothing, aircraft. 


B. Externalities which are external to a 
particular industry: 

5. Technological diseconomy: most pub- 
lic services which are supplied with- 
out a charge to the user according 
to use; city streets, air. 

6. Technological economy: basic re- 
search, exploration, law and order, 
provision of information service. 

7. Pecuniary diseconomy: there are 
many of these; high cost of living, 
and wages in the larger cities as city 
size increases. 

8. Pecuniary economies: general special- 
ization. — 

The same industry will often appear in 

both type A and type B. Thus, the internal 
technological economy for electric power 
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production (#2) can also be cited for ex- 
ternal pecuniary economy (#8). 


IX. Summary 


All external effects are found in principle 
to be reducible by correct input pricing to 
economies or diseconomies. This holds for 
separable and nonseparable externalities in 
production and for externalities viewed 
either in terms of specific firms or among 
industries. Different industry structures 
produce optimal allocation either for 
technological or for pecuniary externalities 
if the externalities are internal to an in- 
dustry and the firms therein use the same 
factor proportions. When these conditions 
do not hold, only competitive structures 
and pecuniary externalities suffice to pro- 
duce an optimum in the absence of very 
complicated combinations of taxes and 
subsidies which require a wealth of accu- 
rate detailed data utilized with consum- 
mate insight and speed. 
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Dependency Rates’and Savings Rates 


By NaTHANIEL H. Lers* 


This paper is concerned with a theory of 
aggregate savings rates which offers a 
partial explanation of the well-known fact 
that the savings-income ratio (S/F) is gen- 
erally higher in the developed countries 
than in the underdeveloped countries.! 
Most discussions of the determinants of 
international savings rates have accorded 
an important role to the level of per capita 
income. This view is supported by the ob- 
servation that S/F is usually higher in the 
rich countries than in the poor, and has re- 
ceived some support from the statistical 
studies of international savings rates.? 
These studies, however, raise an impor- 
tant question. The cross section results 
suggest that with rising income levels in 
individual countries, aggregate savings 
rates should rise as well.? This has not 


* The author is an assistant professor at the Graduate 
Business School of Columbia University. This paper 
was prepared as part of the 1967 Summer Research 
Project of the Office of Program and Policy Coordina- 
tion of the U.S. Agency for International Development. 
The paper does not necessarily reflect the views of 
AJ.D. I am grateful to Thad Alton, Hollis Chenery, 
Raymond Goldsmith, H. S. Houthakker, Harry G. 
Johnson, Edwin Kuh, Harvey Leibenstein, H. Lubin, 
Laura Randall, Alan Strout, and Maurice Wilkinson 
for valuable comments and suggestions on this project. 
I bear sole responsibility for any deficiencies. 

1 For the 47 underdeveloped countries considered in 
the present study, S/Y averaged 14.2 percent in 1964, 
with a standard deviation of 4.5. For the 20 Western 
developed countries, the figures were 25.2 percent and 
4.8, respectively. This was computed from data dis- 
cussed below. 

2 See, e.g., Simon Kuznets [16]; Charles Wolf, Jr. 
[30, p. 19]; United Nations (34, pp. 13-18]; Luis Landau 
[17]. H. S. Houthakker [15, pp. 220-21] also showed 
some evidence for slight curvilinearity between income 
and gross domestic savings. 

3 The results of Alan Strout [28, Tables 3-4] and 
Hollis B. Chenery and Peter Eckstein [3], also indicated 
marginal savings rates greater than the average. 
Modigliani and Brumberg [21], [20], and Milton Fried- 
man {12] have of course maintained on -theoretical 
grounds that the long-run savings/income ratio should 
be constant. This is discussed below. 
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been borne out, however, by the time- 
series data for most countries. Per capita 
income has been growing at annual rates 
of 1-2.5 percent in most underdeveloped 
countries during the past 15 years; and 
many of the social and economic changes, 
such as expansion of the capitalist sector, 
which are expected to raise aggregate 
savings ratios have in fact occurred. Never- 
theless, savings rates have generally not 
shown an upward trend [34, pp. 14-16]. A 
number of alternative hypotheses can be 
mobilized to explain this phenomenon; for 
example, the possibility of an international 
demonstration effect influencing consump- 
tion.‘ This paper considers one particular 
hypothesis, and presents statistical re- 
sults to test it. We then go on to consider 
some of the analytical and policy implica- 
tions. 


I. Demographic Conditions and Savings 


The cross section and time-series savings 
functions may be inconsistent, because the 
relation between S/Y and per capita in- 
come (Y/N) is incorrectly specified. The 
correlation between S/Y and Y/N may, 
at least in part, reflect a connection be- 
tween S/F and another variable which did 
not change as levels of per capita income 
have risen.’ Crude birth rates are an ob- 


4 This problem is similar to that raised in the 1940's 
in the United States and discussed by Duesenberry 
[10], Modigliani and Brumberg [21], and Friedman 
[12]. Perhaps because of its focus on the (private) con- 
sumption function, however, that discussion has tended 
to concentrate on household savings rather than on the 
aggregate savings ratio. As discussed below, the con- 
sumption function theories cited can be integrated 
without difficulty with the hypothesis discussed in this 
paper. 

5 For example, Wolf [30] and Landau [17] report 
coefficients of multiple determination of .2 to .3 on 
equations for S/Y and Y/N, as compared with Rvs of 
8 to .9 for the equations in which per capita savings is 
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vious candidate for this “true” variable. 
Ranging from 34-45 per thousand popula- 
tion in most underdeveloped countries as 
compared with 17-23 for most of the ad- 
vanced countries, they are highly corre- 
lated with per capita income levels.® At the 
same time, birth rates in the underde- 
veloped countries have generally not de- 
clined in the postwar period [31]. 

The idea that demographic factors 
should be included in the analysis of 
savings rates is also indicated on analytical 
grounds. A number of economists have 
long suggested that birth rates should be 
inversely related with a country’s savings 
potential.” This suggestion is also sup- 
ported by casual empiricism. A number 
of countries, e.g., Japan, Luxembourg, 
Norway [15, p. 217], and the communist 
countries of Eastern Europe, which are 
“exceptions” to a per capita income-sav- 
ings ratio model, fit nicely into an ap- 
proach which includes demographic con- 
ditions. Their birth rates are all low, rela- 
tive to their income levels [22]. And al- 
though demographic conditions have been 
suggested by some writers as important 
determinants of savings rates, this idea 
has not been in the mainstream of the 
discussion. Indeed, some studies and text- 
books barely mention it. One reason is that 
the hypothesis has not been validated by 
extensive empirical testing. Consequently, 





it should be worthwhile to see if inclusion 
of demographic factors does increase our 
capacity to explain international savings 
behavior. 


regressed against per capita income. In addition, 
Maurice Wilkinson has pointed out that the high R”s 
obtained in regressions for S/N may occur because of 
a statistical artifact. Since S/N=S/Y -¥/N, the high 
correlations obtained in regressions of S/N on Y/N 
may simply reflect the presence of Y/N on both sides 
the equation. 

* The simple correlation between crude birth rates 
and per capita income for 74 countries is —.71. This 
was computed from data discussed below. 

| T See, among others: Joseph J. Spengler [26]; Hans 
W. Singer [25, pp. 80-81]; Milton Friedman [12, p. 123]. 
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I. The Hypothesis 

The notion that high birth rates con- 
strain saving has two components. First, 
demographic theory indicates that a pro- 
longed high birth rate will affect a popula- 
tion’s age composition [5], placing a rela- 
tively large percentage of the population 
in the younger age brackets. This relation 
is, in fact, borne out in recent demographic 
experience.® 

The logic of an inverse relation between 
dependency ratios and savings rates, in 
turn, goes as follows. Children constitute a 
heavy charge for expenditure which, in 
the standard national income accounting 
framework, is put under the heading of 
consumption. Because they contribute to 
consumption but not to production, a high 
ratio of dependents to the working age 
population might be expected to impose a 
constraint on a society’s potential for 
savings.® 

These can be thought of as coming from 
three sources: private household savings, 
the public sector’s surplus on current 
account, and corporate savings. The hy- 
pothesized link between high dependency 
ratios and low household savings is, as 
just described, direct.!° A connection can 
also be suggested with government reve- 
nues, and perhaps surplus if we assume 
that taxation is levied out of discretionary 


$ Using data for 74 countries [31], a regression of the 
child dependency ratio (the proportion of the total 
population aged 14 or less) against the birth rate 14 
years earlier (or the rate for the nearest year available 
to it) showed a correlation of .89 in the 1960's. 

® The burden of this fixed consumption expense on 
their families’ discretionary expenditure can be con- 
sidered as being in the same spirit (but the very opposite 
empirical reality) as the technically dictated invest- 
ment and savings decisions which Albert Hirschman 
has emphasized [13, p. 41 ff]. 

10 The hypothesis is not necessarily that larger 
families save less than smaller families. In gome coun- 
tries, family size is positively related with income; and 
high income families may indeed be relatively high 
savers. Standardized for family size, however, their 
savings might be even higher. Eizenga’s study [11] 
found such a result for personal saving in the United 
States. 
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expenditure, which in turn is defined as 
the surplus above a (conventional) mini- 
mum per capita standard of living. Hence, 
taxation revenues would be lower because 
the consumption burden imposed by de- 
pendents reduces this surplus. There is no 
obvious reason why the dependency ratio 
should affect corporate savings; but we 
should recognize that saving in the cor- 
porate, household, and public sectors may 
be substitutes." Moreover, in countries 
where corporate ownership is not wide- 
spread, the boundary between corporate 
and family income is not hard and fast, so 
that the household consumption .con- 
straint imposed by dependents would also 
affect corporate savings. Similarly, in 
many countries, public sector corpora- 
tions play an important economic role, 
particularly in activities which are capital 
intensive and of large minimum scale. 
These large investments, which in other 
countries would be financed from corpor- 
ate saving, may show up under the in- 
stitutional heading of a public sector sur- 
plus or borrowing from household savings. 

The hypothesis of a connection between 
dependency ratios and savings has in fact 
been supported by econometric studies 
which included demographic factors: W. 
Eizenga’s work on personal saving in the 
United States [11]; and a broader study, 
Franco Modigliani’s pioneering analysis of 
international “private” (personal plus cor- 
porate) savings rates [20, p. 77 ff.].% The 


1 Modigliani {20, pp. 98-100] adopted a similar line 


or reasoning with regard to substitutability between 
corporate and personal saving, and brought strong 
statistical evidence in support of this hypothesis. I am 
grateful to him for making his paper available. 

u Modigliani [20, p. 77 ff.] approached the question of 
population growth and savings from a somewhat differ- 
ent slant, In accordance with the life cycle hypothesis of 
savings, he hypothesized that (private) savings should 
be a positive function of population growth. This would 
follow as the size of successive age cohorts entering the 
economically active population, and saving for their 
retirement, increases over time. However, having failed 
to obtain statistical support for this hypothesis, he went 


present work extends the scope of the in- 
quiry to gross domestic savings rates 
(i.e., including public sector savings). We 
will also consider a larger number of 
countries; seventy-four, as compared with 
the twenty-four and thirty-six in Modig- 
liani’s samples. 


I. Statistical Estimation 


The hypothesis outlined in the previous 
section suggests rewriting the standard 
national income identity to include sep- 
arately the consumption of the working 
age population, Cwa, and the expenditure 
on the dependents in the population, D. 
With the ex post equality of savings and 
investment, we have: 


1) Y=Cnt+D+S+xX—-M 


Dividing through by Y and rearranging 
terms, it would follow that S/Y will be 
inversely related to the share of depen- 
dency expenditure in national income. As 
noted below, the hypothesis can be elabo- 
rated theoretically along different lines. It 
seemed worthwhile as a first step to ascer- 
tain whether it has any empirical rele- 
vance at all. The model estimated is there- 
fore fairly simple, and seeks to test the 
proposition that a country’s aggregate 
savings rate is lower, ceteris paribus, to the 
extent that it has more dependents in its 
population. 

The technique adopted was multivariate 
regression analysis. The dependent vari- 
ables employed in the different equations 
are S/Y, the aggregate domestic savings 
ratio, expressed in percentage points; and 
S/N, the level of per capita savings, ex- 
pressed in 1964 dollars. The independent 
variables used are: 

First, the level of per capita income, 
Y/N, expressed in U.S. dollars. The ob- 
servations for most countries are for 1964. 


on to specify tests based on the dependency burden 
and found results similar to those reported below. 
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Details on the sources for the data used are 
presented in the Appendix. 

A second independent variable is the 
rate of growth of income. This is suggested 
in earlier work by Houthakker [15, p. 222], 
Modigliani [20, p, 55 ff.], Swamy [29], and 
Mizoguchi [19] (the latter two on personal 
saving). The original Modigliani-Brum- 
berg hypothesis suggested using the rate of 
growth of aggregate income [21]; but pre- 
liminary results indicated that the rate of 
increase of per capita income was much 
more significant. For this variable, g, the 
average annual growth rate in the preced- 
ing five years, expressed in percentage 
points, was used. 

A third independent variable is D, the 
percentage of the population aged 14 or 
less. It is a rough index of the dependency 
burden imposed by children. This has a 
range of 40-46 percent for most underde- 
veloped countries, and 24-31 percent for 
the advanced countries. In accordance 
with theoretical suggestions, supported by 
Modigliani’s empirical results, that the re- 
tired, older population also constitutes a 
dependency burden by being claimants on 


13 An identification problem may clearly exist in 
deciding whether the rate of saving is being influenced 
by the rate of growth or whether the causation goes 
from g’s dependence on the rate of investment and 
thus on saving. Modigliani [20, pp. 68-75] considered 
a somewhat similar problem (different in that he dealt 
with private rather than aggregate domestic saving), 
and concluded from statistical tests that the relation 
of savings to growth can be identified. In any case, as 
we will see below, g turns out not to be very important 
quantitatively as an independent variable in most of 
our equations, 

4 The volume of dependency expenditure will de- 
pend on the number of dependents and on the standard 
of living provided for them. Most dependency expendi- 
ture, particularly for children, is provided through the 
institution of the family. As Duesenberry, and Okun 
(9, pp. 233-34, 236] have pointed out, this circumstance 
puts bounds on the dependents’ standard of living, 
relating it to the consumption level of their families. 
In the absence of extensive international data on the 
subject, we will assume as a first approximation that 
the distribution of dependents by family income levels 
is not skewed. We'can then discuss the volume of de- 
pendency expenditure in terms of the number of de- 
pendents in the population. 


consumption without contributing cur- 
rently to output, an additional variable, 
D;, was introduced.® This was defined as 
the percentage of the population aged 65 
or older. This variable ranges from 3 to 5 
percent in most underdeveloped countries, 
and 8 to 13 percent in the advanced coun- 
tries. Finally, the total dependency ratio, 
Dy, the sum of D, and D: was used. Demo- 
graphic, savings, and income data were 
available for 74 countries: 47 underdevel- 
oped, 20 developed Western countries, and 
7 Eastern European communist countries. 


Regression Results 


Equations (2) and (3) show the results 
of log-linear regression equations fitted by 
least squares to the data for 74 countries. 
Student #values are presented in paren- 
theses below each coefficient. These are 
followed underneath by the beta co- 
efficients, the statistic which shows the 
relative importance of the different inde- 
pendent variables in accounting for the 
variance in the dependent variable. 


(2) In S/Y = 7.3439-+ .1596 In Y/N 
(5.7289) (2.8776) 
= 3644 


+ .0254 In g ~ 1.3520 In Dı 


(3.2792) (4.6406) 
.2570 7977 
— 3990 In D, 
(2.5623) 
.5107 
R* = .5697 F = 25.1604 


% The inclusion of the older age population as a 
factor reducing aggregate savings rates can be justified 
on two grounds. First, because of imperfect foresight 
(taken in conjunction with such conditions as inflation 
and imperfect capital markets, increasing life span, and 
rising “minimum” standard of living) they may not have 
made adequate provision for their nonproductive years, 
and hence they constitute a drain on the income and 
discretionary expenditure of others. Secondly, they 
may be running down their stock of savings so that their 
ratio of current savings to income is very low. Hence, 
at any point in time, celeris paribus, a large proportion of 
retired people in the population would mean a lower 
aggregate savings ratio. 
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(3) In S/¥ = 7.7762+ 1037 In Y/N 
(5.7914) (2.3132) 
= 2437 


+ .0234 In g — 1.4893 In Ds 


(3.0428) (4.8493) 
.2387 5264 
R? = 5729 F = 33.6357 


The results support the hypothesis con- 
cerning the effects of dependency ratios on 
savings rates. The regression coefficients, 
which in these double logarithmic equa- 
tions can be interpreted as elasticities, are 
much larger for D, and D, than for the 
other terms; and the beta coefficients in- 
dicate that the D terms contribute more of 
the statistical explanation. The #values 
are all significant above the .025 level, 
indicating that the dependency variables 
should be considered statistically distinct 
variables in the explanation of aggregate 
savings rates. 


(4) In S/N = 2.7851 + 1.1486 in Y/N 
(2.2571) (21.5100) 


+ .0265 In g — 1.3438 In Dı 
(3.5592) (4.7916) 


— 3966 In D; 
(2.6461) 


Rt = 9559 F = 396.677 
(5) In S/N = 3.2383 + 1.0924 In Y/N 
(2.5082) (25.3417) 


+ .0245 In g — 1.4857 In D; 
(3.3327) (5.0310) 


Ri = 9563 F = 533.913 


Equations (4) and (5), which were esti- 
mated with the level of per capita savings 
as the dependent variable, gave similar 
results as well as some additional informa- 
tion. The relatively large elasticities of D, 
and D, and their high level of statistical 
significance suggest that the studies of 


savings levels which have shown the over- 
whelming importance of per capita income 
are in part picking up the effect of un- 
specified demographic variables. Another 
interesting result is the value of the regres- 
sion coefficient on the per capita income 
term, which indicates an income elasticity 
of savings fairly close to unity. This is, of 
course, in close accordance with the gen- 
eral absence of an upward trend in S/Y 
ratios in underdeveloped countries over the 
medium term that we noted in the intro- 
duction. The regression coefficients of 
equations (2)—(5) indicate that, while large 
income differences (say, between $100 and 
$1,000 per capita) are associated with 
appreciable differences in savings rates (in 
the example given, 100 percent), the ef- 
fects of higher income appear to be con- 
siderably reduced when dependency vari- 
ables are included in the analysis. 


IV. Further Discussion and Results 


In interpreting these results, however, 
we should note some possible problems. 
First, multicollinearity. The simple cor- 
relations between Jn Y/N and in D., In 
D,, and In Dy, are respectively, —.74, .80, 
—.67. These are not as low as might be 
desired, but as the +ratios indicate, the 
regression coefficients for the per capita 
income and the dependency variables were 
highly significant in all cases when they 
were included together. Furthermore, as 
noted below, equations estimated for dif- 
ferent subsets of countries gave similar re- 
sults. With different sample coverage and 
with lower intercorrelation between the 
independent variables, those equations, 
too, show large elasticities and a high level 
of statistical significance for the depen- 
dency variables. 

There is also an identification problem. 
Can it be assumed that dependency rates 
are exogenous factors which influence 
savings rates, or, might not both variables 
be endogenous, determined perhaps by per 
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TABLE 1—PARAMETER ESTIMATES For SAVINGS IN 47 UNDERDEVELOPED COUNTRIES 
AND 20 WESTERN DEVELOPED COUNTRIES 
(+values are in parentheses) 





Dependent Independent Variable es P 
Variable p 
in Y/N mng in Dy in Da 
Underdeveloped 
countries 
1) is S/Y .1292* .0227** —1.2297™* —.4455** .2419 4.6685 
1.8487) (2.8079) (2.7636) (2.1554) 
2) In S/N 1.1167** .0239* —1.3122"*  — 4469 .8975 101.6727 
(16.8355) (3.1204) (2.9400) (2.2783) 
Western developed 
countries 
3) In S/Y .0035 . 2589* — .4324* —.4916%* .4395 4.7245 
(.0296) (1.6228) (1.7099) (2.6547) 
4) In S/N 1.0049" .2591* — .4300* — .4914"* .8413 26.1798 
(8.3684) (1.6208) (1.6966) (2.6477) 
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* significant above the .1 level 
** significant above the .01 level 


capita income? For example, does the rela- 
tion on which we have focused link savings 
behavior and dependency rates, or have we 
not simply related two of the many ele- 
ments which constitute the complex of 
underdevelopment. In this perspective, 
any of these other conditions, e.g., low pro- 
tein consumption, could perform equally 
well in providing a statistical “explana- 
tion” for savings rates.'* 

It is not clear what can be done to re- 
solve this identification problem within the 
framework of a single equation model, to 
which the present work, like other studies 
of international savings behavior, has 
been confined. However, by partitioning 
the data and fitting separate equations for 


16 The same objection can be made with equal validity 
to econometric models which use per capita income as 
an explanatory variable; for in this view, low income 
would be simply one of the many interrelated features 
of “underdevelopment.” As the example of income indi- 
cates, however, there is an important difference if the 
variable used has also been selected on analytical 
grounds which make a plausible theoretical connection 
between the variables. As set out in Section IT, this 
criterion is fulfilled in the case of dependency ratios and 
saving. 


the underdeveloped countries and the 
Western developed countries, we can see 
whether or not the earlier equations did 
not simply reflect the high correlation 
between two of the interrelated features of 
underdevelopment. The parameter esti- 
mates for these subset equations are pre- 
sented in Table 1." 

The results indicate differences between 
the two sets of countries. In fact, applica- 
tion of the Chow test of covariance [4] in- 
dicated that the developed and the under- 
developed country savings behavior belong 
to different regression structures. Within 
both groups of countries, however, the re- 
lation on which we have focused remains 
true. The dependency variables are sta- 
tistically significant, and their regression 
coefficients indicate that they are quanti- 


1 The question arose as to whether to include the 7 
Communist countries in the subset of the Western 
developed countries. Application of the Chow test of 
covariance [4] led to a (borderline) rejection of the null 
hypothesis; but because there were too few degrees of 
freedom to permit very meaningful reliance on the test 
and because of doubts concerning the comparability of 
their data, I did not include them. 
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tatively more important than the income 
terms as a determinant of aggregate sav- 
ings ratios.!8 In the equations for the level 
of per capita savings, the regression co- 
efficient on the per capita income term 
continues to indicate an income elasticity 
close to unity, slightly above for the under- 
developed countries and almost exactly 
one for the developed countries. Thus the 
subset results confirm the general pattern 
of savings behavior suggested by our hy- 
pothesis. 

Considering how crude the data [14] and 
methodology are, these results can be re- 
garded as providing support for the notion 
that birth rates and dependency factors are 
an important determinant of aggregate 
savings ratios. We should also note that 
the model we have used does not do full 
justice to the hypothesis it attempted to 
test. The independent variables relate to 
the supply of savings. Because of the re- 
strictions imposed by the available data, 
however, the dependent variables refer 
to ex post savings and investment. This 
limitation is especially serious since the 
hypothesis concerning the burden of de- 
pendency charges on discretionary expen- 
diture relates to savings potential. Con- 
ceivably, actual savings could have been 
higher in many countries with more favor- 
able demand conditions. 


V. Analytical Implications 


The results were reached with the fairly 
simple reasoning outlined earlier, but they 
clearly have implications for the theory of 
savings. One way to conceptualize the 
findings would be to posit a model in which 
individuals maximize a utility which is a 
function of consumption (present and fu- 


18 Concerning the multicollinearity problem men- 
tioned earlier: for the 47 underdeveloped countries, the 
simple correlations between In Y/N and In D, and In Ds 
are, respectively, —.42 and .52; and for the 20 de- 
veloped countries, .11 and ~.03. 


ture), and of children. Considering the lim- 
ited availability of contraceptive knowl- 
edge and devices in most underdeveloped 
and in some developed countries during 
this period, however, this might not be 
realistic; for technical rigidities (human 
physiology) may have interfered with 
optimizing behavior.” An alternative ap- 
proach would be simply to integrate these 
findings with current theories of saving; 
for example, formulating a model of maxi- 
mization over lifetime consumption, sub- 
ject to the constraints imposed by expen- 
ditures for dependents. 

In terms of their analytical implications, 
the cross section results are also consistent 
with the hypothesis that favorable demo- 
graphic conditions have been one of the 
important factors which have made pos- 
sible the high savings ratios of the Eastern 
European communist countries.” Since 
birth rates in those countries (with the ex- 
ception of the USSR) had reached rela- 
tively low levels before the communists 
took power [31, pp. 276-79], [22], [8], this 
raises a question as to whether the special 
institutional features of these regimes are 
a sufficient condition for achieving high 
savings rates in underdeveloped countries. 


For an economic ayalysis of fertility behavior 
assuming choice, see Gary Becker in [9]. Of course, it 
ig not sure that high birth rates are due exclusively to 
lack of knowledge and access to contraceptive tech- 
niques. Paul Schultz’ study of birth rates in Puerto 
Rico [24] provides some support for the hypothesis that 
larger family size in rural and premodern societies may 
be a rational response to the economic returns of 
parenthood in such environments. 

38 I say “one” because in equation (2), the residuals 
for the communist countries were not randomly dis- 
tributed. The actual observations for 6 of the 7 com- 
munist countries were above the regression surface, 
with fractional residuals averaging 24 percent. A sepa- 
rate equation was estimated for the communist coun- 
tries, and the Chow test was applied to see if these 
countries belonged, statistically speaking, to the same 
universe which generated the slope of the equation for 
the entire set. The test was not conclusive, At the 5 
percent level, it was possible to reject the null hypothe- 
sis, but not at the 1 percent level of significance. 
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VI. Policy Implications 

This paper suggests that high rates of 
population growth constitute a two-fold 
barrier to economic development. On the 
one hand, as often noted, a growing popu- 
lation increases the volume of develop- 
ment expenditure needed to improve the 
quality of the labor force and to raise 
capital-labor ratios. Our results indicate 
that through their effects on dependency 
ratios, high birth rates also limit an econ- 
omy’s ability to respond to these addi- 
tional needs for savings and investment. 

Our results relate only to the effect of 
the dependency burden on physical capital 
formation and measured saving, but large 
family size also affects human capital 
formation. Because conventional morality 
usually dictates that priority be given to 
maintaining the children’s physical sur- 
vival, sufficient resources may not be 
available for improving the quality of 
human resources by investments in train- 
ing and education. Thus a large depen- 
dency burden may lead to an economically 
sub-optimal abundance of raw labor, rela- 
tive both to skilled manpower and to the 
physical capital stock. Such a situation is, 
in fact, recounted of many underdeveloped 
countries. 

Our discussion suggests that high birth 
rates and dependency ratios in the condi- 
tions of most underdeveloped countries 
may entail a sub-optimal allocation of 
resources due to physiological and institu- 
tional rigidities. That is, children are born 
to parents who might prefer not to have 
them born, but who are thereafter com- 
mitted to supporting them. These de- 
pendents absorb a large portion of the re- 
sources potentially available for increasing 
the stock of physical and of human capital. 
The implications of these demographic 
conditions are even more distressing be- 
cause current trends in many underde- 
veloped countries appear to be leading to 


higher rather than to lower dependency 
ratios. Birth rates in most underdeveloped 
countries have increased rather than fallen 
in the past decades [6, pp. 27-28] [31]. 
The dependency problem is further ag- 
gravated because when mortality rates fall 
in underdeveloped countries, the greatest 
beneficiaries are the youngest age cohorts. 
This reduced infant and child mortality 
adds to the dependency burden, and con- 
strains still further the economy’s saving 
potential. 

If these conclusions are interpreted to 
warrant expanded policy efforts to lower 
birth rates in underdeveloped countries, 
two cases should be distinguished. In some 
areas, notably cities in transitional socie- 
ties, the motivation for fewer births is 
present, as evidenced in high rates of crude 
induced abortion. Here, programs to make 
available less costly and painful birth- 
reducing techniques should be sufficient, 
though the scale and scope of the requisite 
effort may have to be much greater than is 
contemplated in current population pro- 
grams [7]. In other areas, however, the 
problem may lie in creating the conditions 
for new attitudes toward choice in family 
size” and in reducing the technical rigidi- 
ties which may inhibit rational choice in 
this area. 


VII. Conclustons 


This paper has provided statistical sup- 
port for the suggestion, advanced by a 
number of economists, that demographic 
conditions are a major determinant of 
aggregate savings rates. Our results indi- 
cate that dependency ratios are a statistic- 
ally distinct and quantitatively important 
influence on aggregate savings ratios, both 


2 For example, research by Irma Adelman indicates 
a relatively high elasticity of birth rates with respect to 
education, especially in underdeveloped countriés [1, 
pp. 321-23, 336-37]. These results support the sug- 
gestions which have been made on other grounds, on a 
high policy priority for rural literacy programs, 
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for the 74 countries considered as a whole 
and within the subsets of developed and 
underdeveloped countries. Introduction of 
dependency variables also pointed to a 
specification error present in other cross- 
section studies of savings levels. Consid- 
erable work obviously remains to be done, 
however, on international savings be- 
havior.” 

High dependency ratios—and ultimate- 
ly high birth rates—are among the impor- 
tant factors which account for the great 
disparity in aggregate savings rates be- 
tween developed and underdeveloped 
countries. Cross-section analysis showed 
an income elasticity of savings not much 
above unity. These results, and the stabil- 
ity (if not upward trend) in birth and de- 
pendency rates, help explain the failure of 
aggregate savings ratios to rise with in- 
creasing income levels in most underde- 
veloped countries.” 

Our analysis indicates pessimism con- 
cerning the possibility of achieving sub- 
stantial increases in the savings rates of 
underdeveloped countries unless birth 
rates are reduced. The findings also indi- 
cate a medium term rigidity in savings 
rates for it will be several years before the 
dependency ratio D, will fall sharply even 
if birth rates are brought down. On the 
latter score, as noted, there are no grounds 
for optimism. Particularly in some less 
developed countries, government birth 
control programs have often been hamp- 
ered by the opposition of the intellectuals 
and of elite opinion, including many 
economists, on nationalist grounds. The 
present results may be relevant in demon- 
strating that by limiting their capacity for 
domestic saving and fixed capital forma- 

"Even within the framework of single equation 
models, presently available data do not permit specifica- 
tion of such relevant variables as rates of return, effi- 
ciency of capital markets, size distribution of income, 
and time preference for most countries. 


3 This question is treated in a very different but 
complementary manner in {18]. 


tion—goals that are widely desired—high 
birth rates may conflict with their own de- 
velopment aims. 


APPENDIX: 


Data Sources and Methodology 


National income and demographic data 
were available for the following 74 countries: 
Costa Rica, El Salvador, Puerto Rico, Hon- 
duras, Nicaragua, Dominican Republic, 
Jamaica, Trinidad and Tobago, Panama, 
Argentina, Brazil, Chile, Ecuador, Mexico, 
Paraguay, Peru, Venezuela, Uruguay, Malta, 
Cyprus, Greece, Spain, Portugal, Turkey, 
Tran, Barbados, British Guiana, Egypt, 
Tunisia, Uganda, Mauritius, Tanganyika, 
Ghana, Sudan, Kenya, Iraq, Jordan, Israel, 
Morocco, Ceylon, India, Pakistan, Thailand, 
Taiwan, South Korea, Malaysia, Philippines, 
Japan, Belgium, Luxembourg, France, West 
Germany, Italy, Netherlands, Denmark, Ice- 
land, Norway, Sweden, Finland, Austria, 
Eire, United Kingdom, Switzerland, Aus- 
tralia, New Zealand, Canada, United States, 
USSR, Hungary, Bulgaria, Czechoslova- 
kia, Yugoslavia, East Germany, and Poland. 

Data on population and dependency ratios 
were computed from the United Nations 
[31]. 1964 data on Gross National Product 
(GNP) and aggregate domestic savings in 
40 underdeveloped countries were made 
available by the Statistics and Reports Di- 
vision of the Agency for International De- 
velopment. Gross domestic savings was mea- 
sured as the difference between gross invest- 


ment and the current account balance. Local 


currency figures were converted at official 
exchange rates, except in the cases where the 
country desks at A.J.D. judged that another 
rate, based on purchasing power parity cri- 
teria, was more appropriate. For the remain- 
ing noncommunist countries, data on savings 
and Gross Domestic Product (GDP) were 
taken from United Nations [35]. For the de- 
veloped countries, the data of Table 9A, 
which converted local currencies at official 
exchange rates, were used. For the underde- 
veloped countries, Table 9B, which employed 
purchasing-power parity rates for the con- 
version, was used. Data on the trend rates of 
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national income growth were taken from 
[34] and [37]. For the communist countries 
estimates of GDP at factor cost and its 
growth were taken from Stanley H. Cohen 
and Maurice Ernst [36]; and from Frederick 
Pryor and George Staller [23]. Figures for the 
share of Gross Investment in GNP at factor 
cost for Poland, Hungary, Czechoslovakia 
and the USSR are from Thad Alton [2, p. 
92]; Bulgaria [36]; East Germany, from 
Wolfgang Stolper [27, p. 437]; and for Yugo- 
slavia, at market prices, from Table A-35 in 
[32]. 
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Fiscal and Monetary Policy Reconsidered 


By ROBERT EISNER* 


Does the 1968-69 period of continued in- 
flation in the U.S. economy in the face of 
higher tax rates and a huge swing from bud- 
get deficit to surplus prove that fiscal policy 
is impotent? One-third of a century after 
Keynes’ General Theory are we to return to 
the policy prescriptions of a crude—or so- 
phisticated—quantity theory of money? Is 
salvation yet to be found in a restrictive 
monetary policy which has sharply reduced 
the rate of growth of the money supply to 
some 3 percent per annum, seen bank 
prime rates rise to 8-1/2 percent, rates on top 
corporate bonds to over 8 percent, and 
average mortgage yields to 7-3/4 percent?! 
All this coincides with relatively full em- 
ployment—a seasonally adjusted unemploy- 
ment rate of 3.6 percent in June 1969— 
and, after over a year of the 10 percent 
income tax surcharge and perhaps nine 
months of tight money, accelerating price 
inflation now approaching an annual rate of 
6 or 7 percent. 

We shall argue in this paper that contem- 
porary economic theory implies severe limi- 
tations in the effectiveness of both tax policy 
and monetary policy in curbing an inflation 
brought about by high government expen- 
ditures, such as are typically related to war. 
In so doing, we shall review the balanced 


* Professor of economica, Northwestern University, 
and research associate, National Bureau of Economic 
Research. The author is most grateful for comments by 
the Editor, Frank Brechling, Otto Eckstein, Walter D. 
Fisher, Milton Friedman, Sherman J. Maisel, and 
Charles L. Schultze on an earlier draft of this paper. 
They are, of course, all absolved of responsibility for 
any of the current version with which they are in dis- 


agreement. 

1 The Federal Reserve Bank of New York reported 
in August 1969, “... While there are suggestions of 
slowing in some sectora of the economy, there is little 
evidence that financial restraint has as yet sufficiently 
Da excessive pace of economic activity.” 

ll, p. 1 
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budget theorem in light of the permanent 
income hypothesis. We shall also review 
monetary theory in terms of interaction of 
wealth and liquidity factors in current de- 
mand. 


I. Weakness of Compensatory 
Tax Policy 


The balanced budget theorem indicated 
that, with appropriate ceteris paribus as- 
sumptions, an increase in government ex- 
penditures for goods and services matched 
by a corresponding increase in tax revenues 
will under certain circumstances imply an 
increase in the new equilibrium level of 
national income equal to the increase in 
government expenditures (and taxes). A 
ready implication of the theorem is that an 
increase in government expenditures at full 
employment would have to be matched by a 
somewhat greater than equivalent increase 
in tax revenues, or a tightening of monetary 
policy, if inflation is to be avoided. Con- 
versely, of course, to maintain full employ- 
ment in the face of a fall in government 
demand for goods and services, there must 
be a greater than equivalent reduction in 
tax revenues and/or an easing of monetary 
policy. Applying a very simple example of 
the balanced budget relation to the problem 
of maintaining aggregate demand constant, 
since the multiplier effect of an increase in 
government expenditures for goods and ser- 
vices is 1/1—5 while that of an increase in 
taxes is —b/1—8, the increase in taxes neces- 
sary to counterbalance a one dollar increase 
in government expenditures must be 1/8, 
where b is, of course, the marginal propen- 
sity to consume. 

Inflationary ills of the last several years 
in the U.S. economy are, consistent with 
the analysis above, frequently traced to the 
major escalation of Vietnam war expendi- 
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tures beginning in 1965, unmatched by a 
reasonably prompt tax rise. Over the years 
from 1965 to 1968, indeed, Federal expendi- 
tures for national defense rose from $50.1 
billion to $60.6 billion to $72.4 billion to 
$78.9 billion, or from 8.6 percent of 1965 
Gross National Product (GNP) to 9.2 per- 
cent of an already inflated 1968 GNP. The 
surcharge of 1968 is estimated to have 
amounted to somewhat more than $6 billion 
in personal income taxes? and probably 
came to another $4 billion in increased 
corporate income taxes plus a few billion 
more in the accompanying extension of cer- 
tain excise rates. Operating on the apparent 
assumption that much of the increase in 
defense expenditures had already been ab- 
sorbed in the real and inflationary growth of 
the economy, some observers ascribed the 
failure of the tax increases of 1968 to curb 
further inflation to a premature move by the 
Federal Reserve System to easy money, 
which counteracted what would otherwise 
have proved an effective, if belated, anti- 
inflationary fiscal policy. It is the thesis of 
this paper that the tax surcharge should 
never, on basic theoretical grounds, have 
been considered an effective anti-inflationary 
device and that, given a sufficiently excessive 
rate of government spending, there is little 
that any meaningful monetary policy can 
do to stop inflation. 

The basic economic error of those who saw 
in the 10 percent income tax surcharge an 
adequate measure against inflation may 
be charged to failure to take into account 
the implications of the permanent income 
hypothesis, both for consumption and, in 
correlative fashion, for business investment. 
Dealing in terms of equilibrium or perma- 
nent income, an increase in tax withdrawals 
of some ten or eleven billion dollars per year 
may be expected to have a very substantial 
depressant effect on aggregate demand, in 
the order of perhaps $8 billion on consump- 
tion alone. But the tax increase legislated 
in the surcharge did not represent a cor- 
responding reduction in permanent after-tax 
income. It did clearly represent a reduction; 


3 [10, p. 463]. 


in itself, in current or measured after-tax 
income for roughly a twelve month period. 
Before we can make any meaningful predic- 
tions of the effect of this on consumption, we 
must note its relation to permanent income, 
or more precisely, to a fully specified con- 
sumption function. 

To do so, let us invoke a simplified version 
of the Modigliani-Brumberg formulation 
[7] and write consumption of any period as 


(1) C = C(Y, Y°, W), 


where Y is current income, Y* some ap- 
propriately weighted and discounted aver- 
age of expected future incomes, and W is 
initial wealth. For the average individual, 
with a number of years of income-earning 
and probably a somewhat larger number of 
years of life in prospect and, frequently, some 
substantial body of wealth already accu- 
mulated, current income is the least impor- 
tant argument of this function. The notion 
that current income has much at all to do 
with current consumption is probably rooted 
in two confusions, one theoretical and the 
other empirical. The theoretical confusion 
involves the tendency to carry over reduced 
forms of a system of equilibrium relations to 
cyclical and dynamic problems where they 
do not apply. Thus, if we were to compare 
two states, for an individual household or for 
an economy, in which expected income and 
assets were in a fixed and equilibrium relation 
to current income, we should properly expect 
consumption in these two states to differ by a 
very high proportion of the differences in cur- 
rent income. But there is no good reason to 
think that the two states of comparison, as 
an economy before and after surtax, should 
involve such an equilibrium relation among 
the relevant variables. And the complemen- 
tary error in empirical analysis is to infer 
that because in some sets of data there is a 
fairly high “marginal propensity to con- 
sume” out of current income, there is any 
stable relation between consumption and 
current income that is not crucially depen- 
dent upon the relation involving current 
income and the other, omitted variables in 
the consumption function. This may be seen 
readily by examining the marginal propen- 
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sity to consume out of current income, de- 
rived from (1), which may be written: 


qa ac (= =) 


aye dY 


dY oY 





(1.1) 


The main point to be gleaned from (1.1) 
and the most casual empiricism is that the 
partial derivative of consumption with re- 
spect to current income, éC/dY, even for 
income measured over a period as long as a 
year, is likely to be very small. Indeed, in the 
simplest Modigliani-Brumberg case, for a 
not atypical household with, say, 25 years of 
anticipated future existence, aside from dis- 
counting factors, it would be .04. Bringing 
in a positive rate of time discount would 
certainly increase this mpc above .04, but it 
may still be seen as likely to be very low. If 
a household’s assets and expected income 
are unaffected, we can expect little in the 
way of change in consumption from a tem- 
porary reduction in income brought on by 
an increase in tax rates. 

Yet, it is precisely this issue that has been 
largely ignored in discussions of likely 
effectiveness of the 1968-69 surcharge as a 
counterbalance to escalated Vietnam war 
expenditures. For the latter were very 
substantially a direct contribution to the 
domestic demand for goods and services. The 
tax increase would offset this demand via its 
indirect effect on consumption and invest- 
ment demand. But its initial effect on con- 
sumption, we may note in (1.1), is likely 
to be very small. First, the contribution of 
the last term may reasonably be expected to 
be zero, on the ground that assets held by 
households should be no more after the im- 
position of the tax than before. In fact, if 
anything, the role of the last term turned 
out to be perverse, as the concurrent de- 
clines in interest rates entailed higher prices 
for outstanding bonds and equities. The in- 
fluence of the second term may reasonably 
have been expected to be small, insofar as it 
applies to the direct or initial effect of taxes, 
if only because the tax increase was widely 


advertised as temporary, scheduled to end 
in little more than one year. Indeed, even 
apart from the legal status of the tax as tem- 
porary, individuals would hardly be expected 
quickly to adjust their long-run future in- 
come expectations in response to a tax 
change of this sort. The change in consump- 
tion due to a change in expected future in- 
come should not therefore have been fore- 
seen as large. We are thus left with the small 
direct effect of the change in current after- 
tax income as the major component of what 
initial anti-inflationary impact on consump- 
tion might reasonably have been expected 
from the tax surcharge. Is it really any 
wonder that consumption continued to rise 
after the imposition of the surtax in 1968, 
while personal saving, the difference between 
current or measured after-tax income and 
consumption, dropped precipitously, from 
almost 7.5 percent of disposable income in 
1967 and the first half of 1968, to 6.6 percent 
in the final half of 1968, and 6.1 percent in the 
first quarter of 1969? 

As all students of multiplier theory know, 
however, each initial “injection” of purchas- 
ing power generates further demand as sec- 
ondary income recipients excercise their 
propensities to consume. While perceptive 
income recipients might reckon the induced 
changes in income which they experience as 
no more permanent than the original tax 
change itself, it is probably more likely that 
they will fail to distinguish tax-induced 
changes in income from changes unrelated 
to taxes. The propensity to consume which 


3 [10, p. 467]. It should be recognized that the 
Modigliani and Friedman models relate directly to the 
consumption of services and not to consumer expendi- 
tures, which include investment in consumer durables. 
A small change in the demand for consumer services 
might conceivably generate an accelerator effect en- 
tailing more substantial investment (or disinvestment) 
in the consumer goods which would provide these ser- 
vices. There may well be some magnification of the role 
of income tax changes along these lines. It may appear 
doubtful, however, that a small short-run change in the 
demand for consumer services would generate any 
great investment in the durable goods which would 
provide services for a long time. The arguments in 
favor of a permanent income theory for business in- 
vestment [2] may reasonably apply also to consumer 
investment. 
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we may wish to apply, while still not an 
mpc out of permanent income, or one reflect- 
ing equilibrium relations of current income to 
wealth and expected future incomes, may 
hence perhaps be higher. than that out of the 
initial tax-created change in after-tax income. 
Modifying one of the formulations of 
William Salant [9] in his treatment of the 
balanced budget theorem, we note that the 
relative change in income resulting from the 
increase in a tax proportionate to income 
may be written 
(2) Fem Yi _ _ bits — h) 
Yı 1 — b(1 — &) 


where b; is the marginal propensity to con- 
sume out of the initial, tax-generated change 
in disposable income, b, is the marginal pro- 
pensity to consume out of the secondary or 
subsequent rounds of changes in disposable 
income, #, and ¢, are the tax rates and ¥; 
and F, the income equilibria, before and 
after the tax rate changes, respectively. 
While somewhat inappropriately applying 
this equilibrium relation to the issue at hand, 
we may still recognize b; as very small. If 
then, for example,‘ 6;=.1, 6,=.5, h =.18 and 
4.198, the relative depressant effect of the 
surcharge on income would be 


Y,— Y -1(.198 — .18 
Yh =e SAGES te) 
Yı 1—50 = fos) 


or three-tenths of one percent—less than 
$3 billion, even at our current inflated rate 
of GNP. 

Tf the predictable restraining effect of the 
surcharge on consumption should have been 
small, it should have been smaller still on 
business investment. Some conventional 
wisdom might have argued that the sur- 
charge on corporate income should have 
made business investment less profitable and 
hence reduce it. I have on a number of pre- 
vious occasions argued against this view." 
The major aggregative effect of profits on 
investment must relate to the expected 
profitability or marginal efficiency of in- 


= .003 


1 Basing figures other than bı very roughly on equa- 
tions (A.1) to (A.5) and on (A.34) in Fromm and Taub- 
man (6, pp. 126-27 and p. 133]. 

* In [1], for example. 


vestment. This surely involves expectations 
of a long-run future or “permanent” income 
or output and demand. The momentary 
ripple in corporate profits after taxes should 
and did have little effect on business invest- 
ment demand. And since the impact of the 
surcharge on consumption was negligible, as 
we have noted, little or no acceleration effect 
of the surcharge on investment was to be 
found either. To some extent, as business 
endeavors to smooth production, inventory 
investment might even have been expected 
to compensate for slight short-run fluctua- 
tions in consumption.’ 

Was there hence nothing that fiscal policy 
could have done to curb inflation? This does 
not follow, but the political constraints ac- 
cepted by otherwise sophisticated advocates 
of fiscal policy in the economics profession 
led them to ignore or even oppose the pos- 
sible fiscal measures which would have 
brought a speedy end to inflation. By doing 
so, they curiously left the field on the one 
hand to conservative opponents of govern- 
ment social programs and, on the other, to 
the current “I-told-you-so” band of mone- 
tary enthusiasts. For there were those insist- 
ing, as the surcharge was being debated, that 
they would support an increased tax rate 
only if it were accompanied by reduced 
government expenditures. To some others 
mesmerized by simplistic application of the 
lessons of Economics/1—before the per- 
manent income theory took hold—this in- 
sistence seemed to contain the elements of 
heresy and blackmail. If the surcharge were 
set at an appropriate level, why have a re- 
duction of government expenditures in addi- 
tion? Would this not be “overkill?” Indeed, 
fears of “overkill” apparently swept enough 
of the fiscal-minded economic community in. 
the waning months of the Johnson Adminis- 
tration for the Federal Reserve Board to be 


*See [2]. 

7 The corporate tax surcharge may actually also 
stimulate business capital expenditures! Current in- 
vestment entails current start-up costs and additional 
depreciation charges which are balanced against the 
expectation of added future income. Higher current 
tax rates which are not expected to persist would en- 
courage current investment and charges against cur- 
rent highly taxed income in the expectation of future 
income subject to lower rates of taxation. 
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induced to ease monetary restraints shortly 
after the enactment of the surcharge in 1968. 

Of course, as it turned out, the ceiling on 
Federal expenditures proved decidedly por- 
ous. It was inapplicable, to begin with, to 
the original source of inflationary pressure, 
expenditures for Vietnam. What with other 
“loopholes,” Federal expenditures for goods 
and services continued to creep up all through 
1968 and into 1969. (And state and local 
government expenditures increased at a 
faster rate.) Inflation therefore continued, 
partly as the lagged response to, and pro- 
jection of, pressures and movements begun 
earlier, partly because government expendi- 
tures continued to increase, and in consider- 
able part because the tax increase did little, 
and should have been expected to do little, 
to reduce private demand. 

There was of course one fiscal measure 
which might have been expected to do the 
trick: a real and substantial reduction in the 
war and other defense spending which had 
contributed to the inflation in the first 
place.* There were a considerable number of 
economists who advocated this, and who 
went a step further, arguing that rejection 
of the surcharge would help force the hand 
of the Administration in the direction of 
reversing the prevailing escalation of the 
war. This was, of course, a political judg- 
ment, but not an implausible one to many 
of us then, and certainly not now in retro- 
spect, in view of the pressures which were 
at the time leading President Johnson to 
proclaim a change in policy and his own 
withdrawal from the forthcoming presiden- 
tial race. It may also be well to note that 
war and defense demand are likely to be 
more inflationary, dollar for dollar, than 


"It is curious that so many arguing for reductions in 
Federal spending have until very recently treated mil- 
itary expenditures as sacrosanct and concentrated their 
fire on nonmilitary or domestic programs. Yet in 1968, 
for example, those wishing to cut nonmilitary Federal 
expenditures for goods and services—and it is spending 
for goods and services which has a direct, full effect on 
aggregate demand-—had only $21.1 billion at which to 
whittle away, while National Defense expenditures 
were $78.9 billion, almost four times as much. We may 
hence stress, on the basis of plain arithmetic, questions 
of priorities aside, that meaningful cuts in the direct 
Federal contribution to inflationary demand would have 
to involve cuts in war and defense spending. 


other components of aggregate demand. The 
nature of procurement practices and the 
psychological aura of necessity that accom- 
panies military purchasing have undoubtedly 
led to acquisition of military goods at par- 
ticularly inflated prices. Major military ex- 
penditures then have the effect of raising 
prices throughout the economy in the com- 
petitive bid for factors and materials fueled 
by firms with little pressure to keep down 
costs. 

But the path of ending the war and/or 
drastically cutting military expenditures was 
not the one followed. Prices continued to 
rise, apparently at an accelerating rate! And 
with the failure of an improperly conceived 
fiscal policy has come a growing disenchant- 
ment with fiscal policy in general and new 
strength for the notion that it is money 
which really matters. We are now told that, 
if only the quantity of money can be kept 
from growing immoderately, inflationary 
forces will, with due lags, subside. This would 
occur, it is implied, regardless of fiscal policy, 
that is, regardless of the rate of Federal ex- 
penditures and, for that matter, taxation. 
Having noted the ineffectiveness of the tax 
surcharge in checking inflation, we have now 
to demonstrate that tight money, or a tight 
rein on the money supply in the face of sub- 
stantial continued inflationary pressure from 
government expenditures, will be similarly 
ineffective. 


Il. Inadequacy of Monetary Policy 


Let us elucidate the theoretical relations 
by constructing a simple model in which 
aggregate demand is the sum of government 
and private demand, and private demand 
is in turn a function of current after-tax 
income, expected future after-tax income, 
the rate of interest and privately held as- 
sets, including the real stock of money. The 
nominal stock of money may be taken, for 
simplicity, to be entirely Treasury currency; 
that is, an obligation of the government to 
the private sector of the economy, and a 
parameter to be fixed by the monetary 
authority. The demand for money will be 
taken as a function of the rate of interest, 
output, and assets. Income, assets and de- 
mand and its components are real. These 
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relations and the conventional partial deri- 
vatives may be conveniently written as fol- 
lows: 
(3) Private Commodity Demand 
=C(¥, Y's, 4, A, M) 
where 0<Cy, Cr’, Ca Cu<1, -2 >G>0 
(4) Re Real Money Demand 
=M?(X, i, A) 
el Mx>0, M;<0, Ma>0 


(5) Output Equilibrium 
X =C+G 


(6) aed Market Equilibrium 
= MD 


(ym Money—Price Identity 
=Q/P 

C =the sum of consumption and investment 
demand 

FY «current income after taxes 

Y* «an appropriately weighted average of er- 
pected future income after taxes 

å =the rate of interest or rate of time discount 

A =the net real value of nonmonetary assets held 
by the private sector 

M =real cash balances held by the private sector 

Jf areal cash balances demanded by the private 
sector 

X output=income Y+taxes 

G government demand for goods and services 

Q =the nominal quantity of money 

P =the commodity price index? 


The model presented in equations (3)—(7) 
would appear to embody the essential con- 
siderations and parametric assumptions of 
fiscal and monetary enthusiasts alike. Yet, 
given this model, the limitations of mone- 
tary policy and the speciousness of the de- 
veloping notion that only money matters 
may be made readily apparent. 

In our model, the nominal quantity of 
money, Q, and the real rate of government 
demand for goods and services, G, are given. 
Let us then first ascertain whether an in- 
crease in government demand, measured by 
a corresponding increase in government ex- 
penditures for goods and services can be 
offset by maintenance of a constant stock of 
money. To further simplify the exposition, 


° It will be noted below that in this system of five 
equations which is not explicitly closed, C, į, M, MP, 
and P are endogenous. Y, Y*, X, G, and Q are exogenous, 
either fixed or determined by relations not set forth 
above. A is partly exogenous and partly dependent on 
other variables in the system. 


we will assume initially that the increase in 
government expenditures is unmatched by 
an increase in tax revenues, although more 
generally we might merely assume initially 
that the increase in government expendi- 
tures is less than fully matched by an in- 
crease in tax revenues. Such deficit-financed 
government expenditures must imply an in- 
crease in the quantity of money, Q, an in- 
crease in interest-bearing Treasury obliga- 
tions, or both. Let us assume that the deficit 
financing is covered by direct borrowing 
from the public so that the quantity of money 
remains constant while private holdings of 
interest-bearing Treasury obligations in- 
crease. If we further assume full employ- 
ment, there can be no increase in output, X, 
which means that the new equilibrium must 
involve a lower level of private commodity 
demand, C. But with tax revenues unchanged, 
an unchanged full employment level of out- 
put implies that current real income after 
taxes, Y, must also be unchanged. There is 
no a priori reason to assume any change in 
expected income, Y*. Hence, this means that 
the reduction in private commodity demand 
must be associated with changes in the rate 
of interest, 7, the real value of nonmonetary 
assets, A, or real cash balances, M. 

Now, as long as the government budget 
deficit persists, unless prices or interest rates 
rise, A must rise as a consequence of the in- 
crease in interest-bearing Treasury obliga- 
tions held by the private sector. As 
indicated in (3), this in itself would raise 
commodity demand. It follows that the 
reduced commodity demand required by the 
new equilibrium would have to be associated 
with an increase in the rate of interest, 7, 
which would also serve to lower A, and/or a 
reduction in M brought about by an increase 
in the level of prices. This last would further 


10 The argument advanced in some quarters that 
Treasury borrowing may only prove a substitute for 
business or other private borrowing is irrelevant in that 
we are concerned here with the net value of nonmonetary 
assets held by the private sector. We join Patinkin (8], 
for example, and others in ruling out distribution ef- 
fects of assets and liabilities so that if Paul is given an 
1.0.U. by Peter, thus increasing Paul’s net assets but 
decreasing Peter’s by an equal amount, we assume no 
regultant change in private commodity demand. 
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serve to reduce or even reverse the increase 
in A. 

If the reduction in private commodity 
demand is associated with an increase in 
prices which reduces M and, possibly A as 
well, our point has already been demonstra- 
ted. The increase in government expendi- 
tures, with the nominal quantity of money 
kept constant, has forced a new equilibrium 
level of prices higher than the old. But the 
result would be the same even if no increase 
in prices is generated directly in the com- 
modity demand equation. For the increase 
in the rate of interest, which may be looked 
at from the securities side as resulting from 
the increase in supply of Treasury interest- 
bearing obligations, or from the real side as 
implicit in the bidding of resources away 
from private investment to production for 
government, must have its consequences, in 
any event, in the money market. If the in- 
crease in the rate of interest is sufficient to 
prevent the value of nonmonetary assets 
from rising, it is immediately clear from (4) 
that the real demand for money must be less. 
This means that, to satisfy (6), in accordance 
with the constraint shown in (7), the real 
supply of money, M, must be reduced by an 
increase in prices, P. If the value of non- 
monetary assets has risen because the net 
increase in Treasury obligations correspond- 
ing to the budget deficit outweighs losses in 
capital values due to higher interest rates, it 
would still seem clear that the real demand 
for money must fall. To claim otherwise 
would be to argue that the higher rate of 
interest necessary to induce investors to 
move from money to bonds had somehow 
left them content to hold more money than 
initially. Recognizing the interdependence 
of markets, it would be to argue that the 
increase in interest rates necessary to: reduce 
commodity demand despite the increase in 
the net value of assets would not be sufficient 
to reduce the real demand for money, im- 
plying a shift from commodities to money 
as interest rates and bond holdings rise. In- 
deed, as will be seen below, this would be to 
to argue that a deficit-financed increase in 
government expenditures can be deflation- 
ary while the same increase in government 


expenditures would be inflationary if fully 
supported by increased taxes. 

The general argument which we have just 
developed follows through on the assump- 
tion that the increase in government de- 
mand is fully financed by taxes. If the in- 


` creased taxes are taken to be temporary, it 


is clear that since, according to (3), Cy<1, 
an increase in tax withdrawals equivalent 
to the increase in government expenditures 
does not reduce private commodity demand 
by as much as government demand has 
increased. To preserve output equilibrium 
(5), therefore, with no increase in Treasury 
interest-bearing obligations which would 
raise A, there must be an increase in the rate 
of interest, $, or a decrease in real cash bal- 
ances, M. With the nominal quantity of 
money, Q, kept constant, real cash balances 
can be reduced only by an increase in the 
price level. And if we were to argue that the 
necessary reduction in private commodity 
demand could be accomplished entirely by 
an increase in the rate of interest, along with 
@ concomitant reduction in the value of as- 
sets, we would still be faced with repercus- 
sions in the money market. Real money 
demand would now be reduced by both in- 
terest and asset effects, as indicated in (4), 
and to preserve the equilibrium condition 
(6), real cash balances would have to be 
reduced, in accordance with (7), by an in- 
crease in the price level.” 


II. Conclusion 


It should thus be clear that an increase in 
government demand for goods and services 
will prove inflationary with an equivalent 
increase in current tax revenues and the 
prevention of growth in the money supply.” 


X2 It may be added that even if the tax increase is 
expected to be permanent we may have inflationary 
pressure in the instance above. For unless the sum of the 
first two derivatives in (1.1), that is, the marginal pro- 
pensity to consume out of current and expected future 
income, is equal to or greater than unity, hardly gen- 
erally likely in view of the role of assets, an increase in 
government expenditures matched by a permanent in- 
crease in tax revenues will require a downward shift in 
investment demand, or a higher price level, to restore 
equilibrium. 

z How inflationary—that is, magnitudes as opposed 
to mere directions of effects— is not indicated by the 
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It is of course conceivable that a greater 
than equivalent increase in tax revenues and 
an actual reduction of the money supply 
might be sufficient to offset the increase in 
government demand. But as I have argued 
elsewhere [3], monetary measures are likely 
ultimately to be as limited in their impact 
in combating inflation as they have long 
been recognized to be limited in combating 
a deep depression. There may well be a 
“liquidity leak” of money substitutes, in the 
face of an attempt to stifle inflation by tra- 
ditional monetary controls, akin to the li- 
quidity trap facing those who would use 
monetary policy to combat a depression.” 
Yet we must note that conventional counter- 
cyclical fiscal policy will also prove severely 
limited precisely to the extent that it is 
recognized as counter-cyclical. For the per- 
manent income theory should have fore- 
warned us that the usual attempts to manip- 
ulate demand by varying taxes on income, 
as with the tax surcharge, would require 
fluctuations in tax rates far beyond those 


formal analysis of this paper. Conceivably, if the 
absolute values of C; and Car or, better, the elasticities of 
commodity demand with respect to the rate of interest 
and real cash balances, are very large, there need be 
little change in the rate of interest or in the price level 
in order to reduce commodity demand in (3) by the 
amount of increased government expenditures. Then 
further, if the absolute value of Mf;, or the interest 
elasticity of the real demand for money, is very low, the 
small change in the rate of interest emanating from (3) 
would require little in the way of increases in the price 
level to reduce the supply of money and restore equilib- 
rium in the money market. If commodity demand were 
perfectly imterest-elastic—a kind of “investment 
trap’’—no change in prices would be involved but com- 
modity demand itself would be indeterminate over the 
range of perfect elasticity. Similarly if we have zero 
elasticity of the demand for money, depending on asset 
effects, there might be no price movement necessary to 
restore equilibrium. In the obviously realistic inter- 
mediate cases, relative potency of fiscal and monetary 
policies may then be seen to hinge on relative values of 
the interest and asset elasticities of the demands for 
commodities and the demand for money. Monetary 
enthusiasts must, implicitly or explicitly, see the com- 
modity demand elasticities as high and the money de- 
mand elasticities, at least that with respect to the in- 
terest rate, as low. 

4 In addition, we should be aware that higher costs 
of money, like sales and excise taxes and, in the Jong 
run, business income taxes as well, tend to raise prices 
by raising costs of production. 


usually considered. These, in turn, given our 
difficulty in knowing precisely the magnitude 
as well as the timing of consequences of tax 
rate alterations, might well lead to less 
rather than more stability.“ 

All this should not leave matters entirely 
hopeless, at least in terms of fiscal policy. 
For one thing, as we have stressed, variation 
in government expenditures for goods and 
services remains a direct and highly potent 
factor, for good or for evil. Public works or, 
more generally, government investment and 
consumption, reemerge in their early role as 
prime weapons in the arsenal against de- 
pression and take on analogous importance 
in any struggle against inflation. If the 
government begins to contribute to inflation 
by rapidly escalating expenditures for a war 
such as in Vietnam, the indicated fiscal 
measures would include: 1) cut government 
expenditures for nonmilitary goods and ser- 
vices (to the extent this is feasible), as con- 
servatives are generally quick to advocate; 
2) cut other military expenditures—if we are 
to spend more in fighting a current war, re- 
duce investment in strategic weapons for 
some future war; 3) recognizing the true, 
unavoidable cost to the economy of a Viet- 
nam-type escalation, nip it in the bud, and 
the inflation along with it. 

Further, however, there are other fiscal 
measures which, at the cost of varying de- 
grees of distortion in the economy, might 
alter private demand sufficiently. On con- 
sumption, for example, there might be a set 
of very substantial sales taxes and/or sub- 
sidies which would be known to vary over 
time. Thus, there might be a very high excise 
tax attached to certain consumer goods and 
services, particularly those more easily post- 
ponable or for other reasons with a high 
elasticity of demand, with clear and widely 
publicized information that such rates would 
be changed as economic conditions change. 
One might introduce a 50 percent additional 
tax for buying a new automobile now with 
the suggestion that such tax would be re- 
moved a year from now and even that it 


“See the fine discussion of this matter by Milton 
Friedman [5]. 


COMMUNICATIONS 


might be replaced with a 20 percent subsidy. 
Indeed, promised future subsidies might be 
used generously as a desirable alternative to 
current excise taxes which would combat in- 
flation by actually raising current prices to 
the ultimate consumer. Better still, there 
might be substantial delayed tax or interest 
benefits made available on nonnegotiable 
Treasury saving bonds. 

Similar measures directed at inter-tem- 
poral substitution may also be applied to 
investment. Thus, a system of investment 
tax credits and investment allowances or 
subsidies with particularly high marginal 
impact, for example, in the order of 25 
percent on investment above 80 percent of a 
past average rather than 7 percent on all 
investment, and also known to be variable 
over time, should have some very substantial 
effect on this component of private demand. 
A business firm might well delay purchase of 
equipment or construction during an infla- 
tionary situation in which it would have to 
pay an added tax of 25 percent on the invest- 
ment while anticipating that the same in- 
vestment a year or two from now would have 
no tax or perhaps a subsidy of 25 percent. 

It would seem important for those attempt- 
ing to manage the economy to learn some of 


these lessons, at least implicit in recent eco- . 


nomic theory, before, for want of correct 
analysis and prescriptions, the ‘dismal 
science” falls into dismal repute, and our 
fates are turned back to know-nothings, 
within or without the profession. 
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Coinsurance and the Welfare Economics of Medical Care 


By MICHAEL CrEw* 


Recent contributions to the solution of the 
problem of optimal insurance coverage have 
formulated rules which an individual might 
use in determining his optimal quantity of 
liability insurance.! Competition in the “‘ser- 
vicing” of liability claims has generally been 
assumed.? The purpose of this note is to 
demonstrate an apparent paradox. Where 
monopoly or some restriction of competition 
exists in the servicing of liability claims, 
coinsurance’ may lead to a Pareto optimal 
situation. Using the assumption of competi- 
tion in the supply of medical care it is pos- 
sible to show that, because of the presence 
of the phenomenon known as “moral haz- 
ard,”4 an optimal situation will not be at- 


* Rutherford College, University of Kent, Canter- 
bury. The author was visiting assistant professor of 
economics at Carnegie-Mellon University. He would 
like to thank K. J. Arrow, O. A. Davis, L. B. Lave, 
M. I. Kamien, and L. A. Rapping for their helpful com- 
ments on an earlier draft. He alone is responsible for 
errors. Support for this research was provided by a 
grant from Resources for the Future, Inc. 

1 Vernon L. Smith [8] and Jan Mossin [6] were con- 
cerned with the general problems of how the individual 
should determine his optimal purchase of insurance. As 
such, they provide extension of consumer and utility 
theory. They both have application to the problem of 
medical care insurance with which this paper is con- 
cerned. Mark V. Pauly [7] and Kenneth J. Arrow [1] 
were concerned solely with the problem of medical care 
insurance. 

2 For purposes of Smith’s model [8] it would not af- 
fect his basic predictions although the individual would 
obviously purchase different quantities under monop- 
olistic supply of liability services than he would under 
competition. 

3 Coinsurance means that an individual agrees to 
bear a certain proportion of all insured expenses him- 
self. A deductible [6, pp. 561-3] [7, p. 536], which in- 
volves the individual in paying the first x dollars of 
every allowable claim, makes no contribution to opti- 
mality as transactions cost is ignored. Perhaps the de- 
ductible’s main contribution to optimality occurs when 
transactions costs are important. They prevent a lot of 
small claims with high transactions costs. 

‘Pauly has given an explanation of the origin and 
meaning of this term. “It has been recognized in the 
insurance literature that medical insurance, by lowering 
the marginal cost of care to the individual, may in- 





WABILITY seats 


FIGURE 1 


tained under schemes of insurance or coin- 
surance. 

The discussion which follows will, like the 
earlier literature, relate specifically to the 
problem of medical care insurance. How- 
ever, other very common insurance services 
face the problem of moral hazard, for ex- 
ample, automobile collision repairs, and 
malingering under schemes of compensation 
for loss of work. 

The problem of optimal resource alloca- 
tion under insurance exists because of the 
phenomenon of moral hazard. The problem 
and the solution attained through coinsur- 
ance are illustrated in Figure 1. The demand 
and marginal revenue curves for a medical 
service are shown as MD and MV respec- 
tively. If medical care were supplied at mar- 
ginal cost of OL, an optimum output would 
be attained at OJ. The effect of complete 
insurance would be that insured persons are 
able to obtain medical care at zero marginal 
cost. They would, therefore, consume OD, 
and the efficiency loss of ADG would result. 
Had the demand curve been a straight line 


crease usage. ... Insurance writers have tended very 
strongly to look upon this phenomenon (of demanding 
more at a zero price than at a positive one) as a moral 
or ethical problem ...” [7, p- 535]. 
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of zero elasticity going through J, com- 
plete insurance would still have led to an 
optimum. In the latter situation, no moral 
hazard would be present. Thus, the extent 
of the moral hazard can be determined by 
the elasticity of the demand curve. The 
greater the moral hazard, the greater the 
absolute values of elasticity and efficiency 
loss. The presence of moral hazard, there- 
fore, means that neither insurance nor coin- 
surance can lead to an optimum output. All 
coinsurance can do is lead to some output 
between OJ and OD. Where medical care is 
supplied at marginal cost, it seems that no 
schemes of insurance or coinsurance will 
attain an optimum. 

It is possible to show that coinsurance can 
lead to an optimal output if medical care is 
not supplied at marginal cost. It is assumed 
that a powerful monopoly exists in the supply 
of medical care, so powerful that it can 
charge well in excess of marginal cost for its 
services. From the diagram, it can be seen 
that the monopolist equates marginal cost 
and marginal revenue and charges OC, that 
is CL in excess of marginal cost. If indi- 
viduals coinsure to the extent of OL—that 
is, the service now costs them OL—it is clear 
that the optimum output of OJ will be 
attained. In this situation no insurance with 
output OB and complete insurance with 
output OD have a kind of symmetry. They 
are both at opposite sides of the optimum. 
Complete insurance is preferred by the mo- 
nopolist as he can collect a further rent pay- 
ment of NSGT when compared with what 


he gets when there is no insurance. Coin-_ 


surance enables an optimum to be attained 
because there is no efficiency loss as the area 
NRA is not an efficiency loss but a rent pay- 
ment to the monopolist. 

Thus, the situation which results with co- 
insurance is one similar to the case of a two- 
part tariff which allows the consumer to buy 
all he wants at marginal cost for a fixed 
charge. It is different from the traditional 
two-part tariff in that the fixed charge is paid 
to the insurance company while the unit 
charge only is paid by the individual to the 
physicians. In addition, the upper limit of 
the premium, the fixed charge of a two-part 


tariff, is not just the consumer’s surplus 
extracted via the Hicksian price compensat- 
ing variation but the sum of the consumer’s 
surplus and the gain from insurance. 

The power of the monopoly, and therefore 
the rent payment, has for illustrative purpose 
in the diagram been shown as very large in- 
deed. The analysis would, of course, apply to 
any restriction of entry and competition 
which resulted in a rent payment. It is not 
possible at this stage to say to what extent 
this analysis is applicable to the medical care 
market in the United States. It does seem to 
be fairly clear, however, that the restrictive 
practices of the medical profession do raise 
prices and result in a rent payment to the 
profession.$ 

Some conclusions follow. First, the popu- 
larity of schemes of coinsurance and the very 
expensive nature of complete insurance 
which are common in the United States are 
in line with the predictions of this model and 
illustrate the market’s way of approaching an 
optimum. Second, and related to this, it is ob- 
vious that where the demand for a particular 
service is completely inelastic, complete in- 
surance still leads to an optimum. Thus the 
rather more extensive coverage provided for 
accidental injury by some insurance schemes 
is possibly optimal and in line with the pre- 
diction of this model. Thirdly, the optimum 
is a kind which from a distribution point of 
view is highly inequitable. It involves the 
transfer of income to the rich, the medical 
profession, from the sick, a very large subset 
of which are the relatively poor and the poor. 
Finally,’ it should be stressed that the effect 
of monopoly in the medical care market will 
affect insurance premiums and it is possible 
that some individuals who would take on in- 
surance or coinsurance if pricing were at 
marginal cost might not do so. Thus, a wel- 
fare loss would still exist. However, if it is 
assumed that the demand for insurance is 
very inelastic, the optimum output is stil] 


' This issue has been examined by Friedman and 
Kuznets [3], H. G. Lewis [5], Fein [2], and Hansen [4]. 
No definite conclusions emerge partly through inad- 
equacies in data. 

* I am indebted to K. J. Arrow for pointing this out to 
me, 
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approached and a rental transfer remains. 
Therefore, the paradoxical nature of this re- 
sult that monopoly and coinsurance can lead 
to an optimum output while competition and 
coinsurance or insurance cannot, should not 
be allowed to obscure the question of distri- 
bution which may be more important. 
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On the Social Rate of Discount: Comment 


By Aran Nicnors* 


In his recent article in this Review [1], 
W. J. Baumol errs in his handling of social 
opportunity costs. The error is also found in 
a more subtle, because less explicit, form in 
some recent writings of E. J. Mishan [2] [3], 
and it should presumably be corrected before 
it becomes a new doctrine. 

On the assumptions of a 50 percent cor- 
porate income tax and that all resources are 
transferred to government from corpora- 
tions, Baumol concludes that where r is the 
public’s time preference rate for consump- 
tion, 2r will be the opportunity cost of trans- 
fer, since he treats the corporate income tax 
as being shifted. This is unobjectionable. But 
he argues further that whether resources are 
transferred by borrowing or by taxation 
makes no difference. The reason he believes 
the treatment is the same in either case 
arises from his view that it makes no differ- 
ence whether the resources are drawn to the 
public sector from private investment or 
from private consumption. All that matters 
is that “...this transfer of resources must 
take place through the agency of the corpora- 
tion” [1, p. 792; italics in original]. He is 
arguing ‘‘...only that the outlays of these 
firms [on raw materials, here steel] would 
have brought them a rate of return of 2r as a 
result of the consumers’ marginal valuation of 
these commodities” [1, p. 792; italics in orig- 
inal]. 

If we take the view that the last dollar 
spent on every type of resource must yield 
the same return, and we suppose that the last 
dollar of capital investment yields 2r rather 
than r, this will imply a commensurately 
higher return on the last dollar’s purchase of 
other inputs as well. An alternative state- 
ment of the matter would come from regard- 
ing capital as amorphous purchasing power 
and thus seeing the value of the marginal 
product per dollar of expenditure on one in- 
put as being, with efficient allocation, the 


* Professor of economics, Central Michigan Uni- 
versity. 


game as the value of the marginal product 
per dollar of expenditure on any other input. 
Evidently it is on some such grounds as 
these that Baumol maintains that, in effect, 
the transfer of one resource from the private 
sector to the public sector is just like the 
transfer of any other resource. Again such a 
view by itself would seem to be unobjection- 
able. But it would fail to support his conclu- 
sion that it does not matter whether re- 
sources are transferred to government from 
private investment or from consumption. 

All resources used in the corporate sector 
may in some sense such as that just discussed 
yield the same “rate of return,” but this is a 
different matter from the total magnitude of 
those resources. The fundamental difference 
between attracting resources from consump- 
tion, as would largely be the case with taxa- 
tion, and attracting resources from saving, as 
would largely be the case with government 
security issue, is that a larger quantity of re- 
sources would be passed to the future if we 
use the taxation route. Thus if the question 
is the shift of resources to future generations, 
which is what one should think we are dis- 
cussing when examining the “social rate of 
discount,” it does make a difference which 
route is chosen. To say, as Baumol says, that 
«|, .the costs of taxation versus borrowing 
are considerations relevant to the choice of 
stabilization policy. They should not deter- 
mine whether or not a specific project is 
undertaken” [1, p. 793] misses the point 
altogether, and in two ways at that. The less 
important is that presumably he believes 
that someone would argue this broad ques- 
tion along the lines that a specific pro- 
ject X should be adopted if, say, it is to be 
financed by borrowing but not if it is to be 
financed by taxation. Such things may be im- 
portant enough for local school districts, but 
they hardly should affect national policy 
makers in setting standards for benefit-cost 
analysis in the context of spending large 
sums on a variety of projects, especially 
since no one could say whether any, all, or 
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none of the program was financed by taxes or 
borrowing, when the Federal government is 
using both to finance its general budget. The 
more important point is that “costs of taxa- 
tion versus costs of borrowing” really does 
reduce to an intergenerational transfer ques- 
tion, even in the context of stabilization 
policy, In turn, to bring in such matters as 
stabilization policy or, say, inflation asa 
means for capital transfer, is simply to ob- 
scure the issue in view. 

It may be argued that there is a second 
fundamental difference between. the two 
methods since one involves loans which are 
voluntary transfers, while the other involves 
compulsion, namely, taxes. Presumably the 
public has more taste for the former than the 
latter. I believe this differentiation is incor- 
rect. The loan method of finance involves less 
compulsion now, but later it will require 
higher taxation to permit debt servicing. 
Thus the issue is not that between volun- 
tarism and compulsion, but rather between 
compulsion now and compulsion later. It 
may be noted, further, that this point is 
valid even if the debt is never paid off but 
simply refunded into the indefinite future. 
The point in question can be seen most 
simply by supposing that debt issuance is in 
the form of perpetuities. In this case it is im- 
mediately apparent that the present value of 
future taxes must be calculated at the same 
rate as the current yield (if we treat the new 
debt as sold at par), and this means that the 
current borrowing will necessarily be matched 
by future taxes of identical present value. 

One may argue, and perhaps correctly, as 
do Baumol and Gordon Tullock, that 
there is little case for making the future 
richer at the expense of the present and that, 
indeed, perhaps the reverse has the better of 
it. In any event, acceptance of Baumol’s 
underlying view would take from us a 
“degree of freedom” that is in fact present, 
for example borrowing rather than taxing to 
help finance the solution of current social and 
economic problems. This would, of course, be 
the reverse of the case of subsidizing the 
future by financing government capital proj- 
ects through taxation. A neutral policy 
would involve financing government capital 
projects through borrowing and government 
current account spending through taxation. 


There are thus more possible combinations 
than Baumol’s analysis tells us. The financ- 
ing of the spending decision as well as the 
nature of the spending decision has alterna- 
tive present-future implications. 

A problem seems to remain in that r in this 
analysis appears to be the borrowing rate: 
2r is the rate applicable to tax-raised funds. 
Baumol, as noted, sees these two rates as, 
respectively, the time preference and the 
opportunity cost rates. He opts for 2r but on 
grounds “...that are hardly convincing 
even tome...” [1, p. 801]. The problem of 
the two rates from the present perspective 
would be that r would apply to transfers 
from the future to the present, borrowing, 
while 2r would apply to the reverse transfer, 
taxing. Fortunately, however, this problem 
exists only in Baumol’s analysis, not in the 
logic of the process of resource transfer. He is 
correct in assigning 2r to transfers through 
taxation but incorrect in assigning only r to 
transfers via borrowing. If it is true that r is 
the subjective time preference of those who 
lend in the market, it still does not follow 
that the government should cost the lending 
at r; rather the lending should be costed at 
its opportunity productivity, 2r, i.e. at what 
the loans would produce if they were made to 
the private market. If the opportunity 
cost rate were not correct, it would pay us to 
execute large transfers from private to public 
investment on the basis that every dollar of 
investment would earn half in the public 
sector of what it earned in the private sector. 
This is of course an absurdity. A better case 
could be made, should we want to make the 
future richer, for transfering from private 
consumption. Here, as Baumol says, the rate 
is 2r. Surely it cannot be less if we transfer 
from private investment. The logic of the 
matter may be put in still.a different way. If 
we suppose that, in principle, interest charges 
are not always, into the indefinite future, to 
be borne by further debt, we must suppose 
them to be ultimately borne by taxes. 

Baumol’s assumption that the time prefer- 
ence rate is lower than the social opportunity 
cost rate is the same as saying the public 
wants more capital formation than it is get- 
ting, i.e. that it wants to enrich the future. 
This assumption, however, can in no sense 
authorize the government to use the time 
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preference rate for costing government proj- 
ects. There is not only the opportunity pro- 
ductivity of direct funds transferred from the 
private sector of 2r, there is also the oppor- 
tunity productivity of making virtually 
limitless transfers to the private sector that 
will pay at the rate 27, through the simple 
expedient of debt retirement. 

If we relax Baumol’s implicit assumption 
that production is confined to the corporate 
sector, it might be argued that there would 
be other opportunity productivity rates that 
could be used instead of, or in addition to 
2r. Thus partnerships and proprietorships 
would be pushed to an equilibrium at r rather 
than 2r, because no corporate taxes apply. 
Do-it-yourself activities, in turn, would be 
pushed to a rate below r, because no income 
taxes at all apply. From the point of view of 
efficient allocation, we then have overinvest- 
ment in do-it-yourself and in partnerships 
and proprietorships vis-à-vis corporations. 
But, does this have a bearing on the dis- 
count rate government should use? The an- 
swer is no. The opportunity cost with respect 
to government activity remains 2r, the cor- 
porate sector rate. To see this, one need only 
note that output could be increased in the 
private sector by taxing low rate of return 
activities, and using the proceeds of the taxes 
to finance high rate of return activities, to 
wit, those earning 2r. In such a setting it is 
obvious that government should not cost its 
projects at anything less than could be 
brought about in the private sector itself by 
the expedient of tax adjustments alone. Or, 
to look at the same matter in a different way, 
government could eliminate corporate taxes 
and treat the reduction in revenue as an 
investment earning 2r. So long as such an 
option is open to government, it makes no 
sense for government to cost its projects at a 
lower rate. 

There remains the argument that the op- 
portunity cost of a project should be the 
earnings rate on the funds in the use to 
which they would actually have been put 
rather than the earnings rate in their highest 
rate of return use, i.e., say, r instead of 2r in 
the case of funds transferred from the non- 
corporate sector. This would dichotomize 
cost on the basis of source of financing rather 
than leaving it on the sole basis of next best 


use, as has been here proposed. Putting 
aside the question of how a particular source 
of finance might be assigned to a particular 
project out of a general budget, there is no 
doubt that, in the model under review, it 
would be better to raise funds by taxes in the 
noncorporate sector; indeed, this is simply 
the corollary of the position that we could 
cut corporate taxes and regard the reduced 
revenue as a capital investment earning 2r. 
We could replace the funds by taxing the 
noncorporate sector and be ahead by the 
magnitude r per dollar. But this is only a 
round-about way of saying what the model 
says at the outset, the corporation income 
tax is less efficient than other taxes. Now it is 
easy to confuse two things; 1) how should 
we cost government spending? 2) how should 
we tax? Regarding the second, we know the 
answer at once from the model. Regarding 
the first, presumably we should spend the 
limited government revenues in ways which 
earn the highest rates of return. This last, 
however, is equivalent to saying that we 
should use opportunity cost in the sense of 
“next best use;” but given that there is a 
corporate income tax, that next best use will 
earn at least 2r. Perhaps the corporate in- 
come tax should be cut or eliminated; that is 
one thing. How the government should cost 
its spending, given that there is a corporate 
income tax, is something else. 

Two conclusions emerge from this note. 
First, it is not true that it is a matter without 
consequence whether funds transfers occur 
through borrowing or through taxing. The 
different routes have different distributional 
consequences among generations. Second, 
the correct rate to use in Baumol’s frame- 
work is categorically the opportunity rate, 
2r. , 
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On the Social Rate of Discount: Comment 


By ESTELLE James* 


In William Baumol’s recent provocative 
article, the corporate income tax is shown to 
create a divergence between the marginal 
rate of return to private investment, on the 
one hand, and the subjective time preference 
or government borrowing rate, on the other 
[3]. Baumol claims that the former consti- 
tutes the opportunity cost of capital and 
hence the optimal social discount rate for 
evaluating public projects, whether the re- 
sources used have been diverted from private 
investment or consumption (3, p. 792]. The 
following analysis suggests somewhat con- 
trasting conclusions: 

1. If we take the tax as given, but assume 
that government investment is perfectly 
substitutable for private and will get us back 
to the pre-tax optimum, the nondistorted in- 
terest rate, rather than either of the dis- 
torted rates, signals the equilibrium marginal 
time preference and should be used for dis- 
counting. Associated with this rate and the 
implied consumption-savings ratio are a set 
of nondistorted prices differing from the dis- 
torted prices; the former comprise the cor- 
rect marginal valuations of goods and factors 
in calculating the returns to various invest- 
ment projects. 

2. If government investment only par- 
tially removes the distortion, marginal rates 
of substitution still give us relative values of 
different goods and of consumption in differ- 
ent periods. In other words, the subjective 
time preference which results after all expen- 
ditures should be used for discounting, re- 
gardless of the source of resources for public 
investment. If a government project dis- 
places a private one, society gains when the 
present discounted value of the former is 
higher, even though its rate of return is 
lower. 

3. If social risk is zero, the existence of pri- 


* The author, associate professor of economics at the 
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vate risk does not alter the appropriate dis- 
count rate but may influence the nature of 
projects in the government’s investment 
portfolio. 

4. If public and private goods are non- 
substitutable, a government project should 
be undertaken if it has a higher present value 
(but not necessarily a higher rate of return) 
than the consumption-plus-private-invest- 
ment bundle from which it draws its re- 
sources. The marginal subjective time prefer- 
ence remains the correct discount rate. 


I 


Assume, as Baumol does, a full employ- 
ment, risk and externality free economy in 
which all output is consumed or invested 
and all income is consumed or saved, the rela- 
tive proportions varying with the interest 
rate. Society faces a given array of indepen- 
dent multiperiod investment projects, I'T’ in 
Figure 1, which may be ordered according to 
marginal rates of return and undertaken by 
equity-financed private firms or government; 
the nature of the producing agent does not 
alter preferences or productivity.’ The sav- 
ings schedule, SS, gives the supply of funds 
available for investment, after netting out 
interhousehold loans in a perfect capital 
market. Initially there is no government 
spending or taxation. 


1 By “independent” is meant that the adoption of one 
project does not affect the rate of return to any other 
project. Thus, mutually exclusive alternatives, includ- 
ing variable factor proportions, are ruled out (see fn. 5). 
By “multi-period” is meant that we are dealing with 
the present plus more than one future period. This con- 
dition is important for Section I. By “marginal” is 
meant that each project, while fixed in its capital re- 
quirements, is a small part of and incremental to total 
investment. The following discussion abstracts from 
distributional considerations; to make unambiguous 
statements about social welfare we assume that when 
efficiency rises everyone’s utility is increased and vice 
versa when efficiency falls. This comment deals only 
with the impact of the corporate income tax and risk, 
and ignores the influence of externalities and inter- 
generational effects on the optimal social discount rate. 
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The competitive equilibrium, shown in 
Figure 1, implies an interest rate of r’ and 
savings-investment of L’. This is also a wel- 
fare optimum; social returns coincide with 
private, all projects with a yield greater than 
r have been undertaken, and all income as- 
sociated with a subjective time preference 
less than r’ has been saved. 

A 50 percent profits tax is suddenly im- 
posed on firms and fully distributed to con- 
sumers in the form of transfer payments. The 
private rate of return is now only half the 
social, the new investment schedule falling 
to IZ. The savings schedule may also shift, 
but for simplicity we assume it to be con- 
stant, i.e., independent of the income distri- 
bution. Equilibrium savings and investment 
are reduced to L, with the marginal social 
rate of return equalling 2r, the private re- 
turn, government borrowing rate, and sub- 
jective time preference equalling r, as in 
Baumol’s model. 

As a consequence of this drop in the 
savings-consumption division of income, 
relative prices, and hence the ordering of 
projects along the investment schedule, will 
change; the internal rates of return to dif- 
ferent projects depend on the external in- 
terest rate. Demand for consumer goods 
and factor inputs thereto, including capital, 
will rise, and conversely in the producer 
goods sector. The new prices correctly in- 
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form us only of those marginal valuations 
associated with the new split-level interest 
rate. 

How does the new level of welfare compare 
with the old? We know that (some) people 
would prefer to save more if they could re- 
ceive a yield greater than r; at r’ they could 
have saved L but chose to save L’. We also 
know that projects do indeed exist which 
would yield society more than r. Optimal 
intertemporal resource allocation requires 
that L’ be saved and invested, although pri- 
vate firms will no longer get us there because 
of the tax wedge. The government now un- 
dertakes to remove this market failure. The 
simplest remedy would be to subsidize (or 
remove the tax on the returns to) private 
investment, but this is politically infeasible, 
so we turn to the alternative, public invest- 
ment, and seek the appropriate discount rate. 

Notice that we now have a choice among 
three social discount rates, not two. And 
neither r, as in current government practices, 
nor 2r, as in Baumol, will get us to optimal- 
ity. Only r'—the nondistorted interest rate 
which equates marginal social return to mar- 
ginal subjective time preference—will ac- 
complish that. Should the government fi- 
nance its investments by borrowing on the 
market, r’ will reappear as the new equilib- 
rium interest rate. Alternatively, additional 
savings may be induced through fiscal or 
regulatory measures (with the government 
careful not to inefficiently “force” savings 
upon those with a subjective time preference 
greater than ?’.) Then, r’ maybeoperationally 
difficult to locate but continues to identify 
the investment bundle which optimizes wel- 
fare. 

Only LL’ need be invested by the govern- 
ment if all resources are drawn from current 
consumption and aggregate private invest- 
ment is unchanged. This is, in fact, difficult 
to achieve; even consumer goods production 
requires investment, which must be earning 
at least a 2r return, but may now be dis- 
placed by government projects earning less 
than 2r. How can such behavior improve the 
situation, Baumol asks.? 

? Baumol also objects to use of the subjective dis- 


count rate on grounds that this rate is substantially 
influenced by, and constantly adjusting to, a variable 
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The answer is twofold. First, as noted 
above, the artificially reduced level of sav- 
ings and private investment has changed 
relative prices, costs, and rates of return in 
different industries. Marginal projects in the 
consumer goods sector will no longer be 
earning 2r when the government restores 
consumption and investment to their initial 
optimal levels. 

Secondly, let us suppose that government 
investment, directly or indirectly, has indeed 
caused private rejection of a project whose 
nondistorted yield exceeds 2r. This will hap- 
pen, for example, if the government finances 
its expenditures by borrowing on the market 
and pushes up the interest rate. Then, the 
government must adopt the rejected project 
and invest more than LL’ to return the 
economy to an optimal equilibrium. Under 
Baumol’s rule, paradoxically, a further re- 
duction in private investment would dictate 
a still higher social discount rate and there- 
fore a lower level of government investment. 
We have found that additional government 
investment can improve the situation and the 
appropriate discount rate remains at r’, 
irrespective of the initial source of funds or 
the ultimate source of resources. 


I 


Let us continue all the conditions of the 
preceding section, but assume, more realis- 
tically, that the government may not com- 
pletely remove the distortion and return us 
to optimality. Decisions are made on each 
venture separately, and, in the extreme, 

. acceptance of a government project means 
rejection of a private project with equal 
capital requirements and a higher rate of re- 
turn. Does Baumol’s choice of 2r as the cor- 
rect discount rate apply here? 

It has been carefully demonstrated, al- 
though often forgotten in the investment 
planning literature, that a higher rate of re- 





monetary policy, (3, p. 801). It should be noted that 
his discounting choice, the marginal yield to private 
capital, is a fixed multiple of the subjective time pref- 
erence and hence equally influenced by monetary 
policy. This paper abstracts from complications arising 
in the money market. 


turn on a project does not necessarily indi- 
cate a higher present discounted value.* 
Ranking by rate of return gives us the entire 
bundle of investments which should be un- 
dertaken at the equilibrium interest rate. 
However, if only some of these will be ac- 
cepted, the choice should be based on their 
relative present values, which depend on the 
external discount rate, not the internal rate 
of return. The alternative having a smaller 
rate of return, because its revenues accrue 
in the more distant future, may have a 
higher present value if the discount rate is 
low; the lower the discount rate the greater. 
the likelihood that these two criteria will di- 
verge. 

Thus we are brought back to the very 
question we started with: What is the correct 
social discount rate? The problem of deter- 
mining relative values is a familiar one in 
economic theory, and generally we solve it by 
asking at what rates, at the margin, are 
people willing to trade off one product, or 
dated consumption, for another. Clearly the 
latter is given by the marginal subjective 
time preference, which, before government 
investment, is r. Discounting at this rate, 
some projects with a return exceeding 2r may 
be inferior to an alternative yielding less 
than 2r and indeed less than r’. 

Society’s time preference will rise as the 
total of public plus private investment in- 
creases, ultimately reaching r’ if all the condi- 
tions of Section I are met. The correct dis- 
count rate may therefore be unknown in ad- 
vance and wrong decisions may be made if 
each project is evaluated separately at the 
initial rather than the final discount rate.‘ 

Does this analysis imply that the source 
of resources is irrelevant in public investment 
planning? Hardly. We may choose a govern- 


3 See for example, Alchian [1], Bailey [2], Hirshleifer 
[5], and Baumol [4, pp. 440-45]. The dichotomy holds 
in a multiperiod planning model where projects differ 
in their time distribution of net revenues. This paper 
does not consider additional complexities which arise 
when the market interest rate varies through time. 

í Lumpiness in investment projects may in this con- 
text lead to index number and convergence problems. 
See, for example, Bailey, [2]. A parallel statement can 
be made about the need to use new equilibrium product 
and factor prices. 
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ment project which displaces private invest- 
ment, but would be better off still if we had, 
at least partially, displaced consumption. 
The government project may have a higher 
present value than one private venture but 
lower than another, even if the two private 
projects have the same rates of return (but 
different time distributions of benefits). 
Therefore, the source of resources for govern- 
ment investment influences how much, if at 
all, we are improving matters, and hence the 
desirability of undertaking the project, but 
it does not alter the appropriate discount 
rate.§ 


Ir 


Suppose now that risk is present, in vary- 
ing degrees for different firms, and stock- 
holders demand corresponding risk pre- 
miums. Thus, relatively risky firms, which 
must pay a larger premium, will have a 
higher marginal capital cost and marginal 
expected: return than risk-free firms. Social 
risk, however, is zero, whether the project is 
undertaken by the government or by private 
firms. Hence this situation is nonoptimal 
even without a tax, for investment in all 
firms should be carried to the point where 
marginal expected returns equals the pure 
(risk-free) marginal time preference. 

The analysis now follows familiar lines. 
Government can get us to the optimum, but 
only by discounting at the pure interest rate, 
rather than following Baumol’s advice to 
include the private risk premium. The gov- 


6 As in the “burden of the tax” literature, we are here 
concerned with the ultimate source of the resources, 
rather than the initial source of funds. Incidentally, 
once mutually exclusive alternatives are introduced, 
supplementary government investment cannot gen- 
erally bring us back to the optimum. So long as firms 
continue to discount at a rate higher than r’ due to the 
tax, they will end up with socially nonoptimal factor 
proportions and product mix, e.g. relatively labor-in- 
tensive techniques and short-lived capital. The existence 
of private risk, discussed in Section III, has the same 
distorting effect. This in turn may alter the “second 
best” total of investment and social discount rate. 

tI am here ignoring, as Baumol does, the disutility 
incurred by the risk-averting stockholder, if the project 
is undertaken by a private firm. To society as a whole 
the risk is always less—in this case zero—because of the 
law of large numbers. 


ernment portfolio is then likely to contain a 
relatively large share of investments judged 
risky by the private market. . 

If the government does not fully restore 
optimality, and displaces private invest- 
ment, we must compare the expected present 
values of the relevant public and private 
projects, again using pure subjective time 
preference as the appropriate discount rate. 
This means that the decision is less likely to 
favor a government project drawing re- 
sources from high risk-taking firms. 


IV 


With government and firms facing the 
same production possibilities and society in- 
different to the nature of the producing 
agent, we have assumed away the problem, 
central to Baumol’s thesis, of balance be- 
tween the public and private sectors. To an 
extent, in the real world, the public and pri- 
vate sectors do indeed produce close sub- 
stitutes, particularly in fields such as health 
and education. 

Consider now the opposite case: govern- 
ment and firms have completely independent 
production possibilities, involving basically 
different, noncompetitive goods and services. 
As before, imposition of a profits tax intro- 
duces a wedge between the subjective time 
preference and marginal social return on pri- 
vate investment. Since people derive differ- 
ent utilities from collective and private 
goods, government production can never re- 
move this tax-induced distortion. Thus, the 
argument developed in Section I is inap- 
plicable, but that in Section II is directly 
relevant. 

Contrary to Baumol, additional govern- 
ment investment is now desirable, providing 
it has no (direct or indirect) negative effects 
on private investment. This would, ad- 
mittedly, produce a higher public/private 
capital ratio than would prevail in an opti- 
mal world. But, by not undertaking the extra 
investment when its yield exceeds the new 
lower subjective time preference, the govern- 
ment would only be making matters worse, 
not better, requiring people to consume 
(privately and/or collectively) a larger share 
of income than they desire. 
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More generally, government projects will 
(e.g. through capital market repercussions) 
displace some private projects—the trade-off 
with which Baumol is concerned. We must 
then compare the present values of the public 
investment versus consumption-plus-private 
investment alternatives. In the polar case of 
fixed total investment, the present value, 
(discounted at the subjective time prefer- 
ence) of the foregone private project becomes 
the opportunity cost of the public project, 
which should consequently be undertaken 
only if its net benefits are positive. 


V 
In summary, we have found that: 


1. Government investment may displace 
a combination of private investment and 
consumption; the ultimate source of re- 
sources affects the net gain (or loss) to so- 
ciety, but not the appropriate discount rate. 

2. In choosing between public and private 
projects, decisions based on present value 
may not correspond to decisions based on 
rate of return; the former js generally cor- 
rect. 

3. Prices of goods and factors and order- 
ings of projects will shift as a result of in- 
terest rate changes brought about by a large 
government investment program; the new 
marginal valuations should be used in cal- 
culating present values of incremental public 
and private projects. 


It follows that some collective projects 
should be undertaken with a rate of return 
lower than that of the marginal private proj- 
ect. On the other hand, some collective proj- 
ects with a rate of return higher than the 
equilibrium borrowing rate should not be 
undertaken. The lower the present value, the 
more suspect the project, although a rigorous 
decision cannot be reached unless the precise 
alternatives are identified, operationally 
hardly a simple rule. In making these diffi- 
cult choices, the new marginal subjective 
time preference remains the correct dis- 
counting rate if, as in traditional theory, 
individual valuations are to count and deter- 
mine the efficient (intertemporal) allocation 
of resources. 
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On the Social Rate of Discount: Comment 


By CARL LANDAUER* 


William Baumol’s article “On the Social 
Rate of Discount” [1] seems convincing to 
me in its main argument, but I believe that 
some of his thoughts may usefully be ex- 
panded. He has supplied a convenient point 
of departure for such expansion when he 
wrote: “National pride leads many of us to 
want a promising future for our country.””?! 
S. A. Marglin has very lucidly expressed this 
idea in a more general form, when he ex- 
plained the “schizophrenic answer” to the 
problem of the social rate of discount and 
stated that the “Economic Man and the 
citizen are for all intents and purposes differ- 
ent individuals.”? Why this is true in regard 
to time preference is easy to see: The sub- 
jective time preference of the individual in 
private affairs is strongly influenced by the 


* Berkeley, California. 

1 Baumol [1, p. 799]. 

* Marglin [S, p. 98]; see also Landauer [4, pp 21-22}. 
Marglin feels uncomfortable with the “schizophrenic 
answer”, but, I believe, without good reason. In the 
difference between the private time preference and that 
of the citizen, he sees the same inconsistency as between 
the decision of a man to vote for an ordinance against 
ticket fixing and his attempt to bribe an officer when 
stopped for speeding. But the two cases are radically 
different. The motorist is guilty of a moral inconsistency 
which may be a little mitigated but is not removed by 
Marglin’s “interdependence answer” (that the motorist 
would not bribe if nobody bribed.) Since the motorist’s 
support for the anti-bribing ordinance is presumably 
at least in part based on moral considerations, the moral 
inconsistency becomes a logical inconsistency, The act 
which he commits is identical in kind with the act 
which the ordinance was intended to suppress—the 
same kind of decision is at stake. This is not true of the 
time preference problem. If I buy a house now rather 
than twenty years from now when I shall have saved 
enough to pay cash, and therefore have to borrow at 8 
percent interest, and simultaneously vote for public 
construction of a dam which will yield a return of only 
4 percent, these are two different and essentially 
unrelated decisions, one of which legitimately influenced 
by my desire to enjoy the house for a greater part of 
my limited lifespan, the other just as legitimately in- 
fluenced by the belief that the community will exist 
longer than myself. There would be en inconsistency, to 
be sure, if I first voted for the dam and then cheated on 
the taxes necessary for its financing, but this possible 
dishonesty is no essential part of the time preference 


situation. 


thought of the brevity and uncertainty of 
the individual life; when judging as a citizen, 
the individual assumes that the community, 
in which he takes an interest, will be in exis- 
tence when he is already mouldering in his 
grave. 

It seems worthwhile to consider one factor 
which in historically important instances has 
increased the difference between private and 
public time preference in the minds of at 
least some members of the community: A 
great historical mission which the individual 
attributes to his community. This, of course, 
played a major role when communist gov- 
ernments imposed enormous sacrifices on the 
population for the purpose of rapid indus- 
trialization and related objectives. We may 
condemn a system which enabled a few hun- 
dred thousand communist functionaries to 
impose their low time preference on a popu- 
lation of far more than a hundred millions 
(the case is that of Marglin’s “autocratic 
answer’), but our political objections do not 
excuse us from explaining the operation of 
the sense of national mission where it exists. 
Moreover, a sense of mission, requiring 
heavy present sacrifice for the sake of the 
future, may also exist under democratic 
government. 

If this sense of mission is strong enough, it 
may sustain the rationality of large present 
sacrifices for the sake of a distant future in 
spite of Tullock’s objection that “...the 
next generation is...going to be wealthier 
than we are...’ and that therefore to en- 
rich them further would be, in Baumol’s 
words, a “ . . .Robin Hood activity stood of 
its head.’* The Tullock argument is in any 
event open to several objections, setting rela- 
tively narrow limits to its applicability. First, 
there are the irreversibilities mentioned by 
Baumol: the impossibility of restoring the 

3 Tullock [6, p. 334]. As an old “Austrian,” I cannot 
refrain from reminding the reader that the Tullock 
argument bears a close relationship to the “first rea- 
son” for time preference given by Böhm-Bawerk. See 


Böhm-Bawerk (3, pp. 440 ff, Engl. version 249 ff]. 
4 Baumol (1, p. 800]. 
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fertility of the soil or the beauty of the land 
once they have been destroyed. The living 
generation has to preserve these at its own 
expense if they are to be preserved at all. 
Destruction of the environment, an inevit- 
able result of unrestrained use of resources 
for the increase of material output, is part of 
what Adolf Berle has called “disproduct’’.5 
Since a portion of it is not preventable and 
may grow more than proportionately with 
output of goods and services, there may even 
be some doubt whether, in a true welfare 
sense, future generations will really be better 
off. But, assuming that the growth of ma- 
terial output still leaves an increasing surplus 
over the “disproduct’’, there are great un- 
certainties about future needs: Will the 
population, for instance, not exceed the 
optimum? What new goals of perhaps great 
importance will appear on the horizon of fu- 
ture generations? We have no way of know- 
ing the amount of resources which these 
needs may demand. For these reasons alone 
I would add some question marks to Bau- 
mol’s (tentative and qualified) conclusion 
that “‘.. .in our economy, by and large, the 
future can be left to take care of itself.’ 

It should not be taken for granted that as 
citizens we have the same time preference in 
all cases. Some public investments have a 
close relationship to our private fortunes; 
whenever this relationship constitutes our 
` principal stake in that investment, it seems 
that the factors keeping our private time 
preference high must also have a decisive 
influence here. My main stake in an improve- 
ment of the local fire department is the pro- 
tection of my own house, an interest that will 
end with my death, at least if my heirs will 
not live in the same community and I know 
they will sell the house. I may still hate the 
idea that my neighbors may be killed by fire 
when I am already dead, but I may also feel 
that I can leave it to them to take the neces- 
sary protective measures in the future. On 
the other hand, there are public investments 
which have a much looser relationship to our 
our personal lives, with the consequence that 
the latter’s brevity and uncertainty can have 
no great enhancing effect on our time prefer- 

* See Berle [2]. 

* Baumol [1, p. 801]. 


ence. My interest in wilderness conservation 
may be largely independent of my own 
chance to visit national parks; my patriotic 
interest in the power, independence, or 
prestige of the United States may have little 
to do with any personal satisfaction, such as 
hearing admiring words from foreigners, and 
will therefore not be much influenced by my 
realization of the brevity of my life and will 
not be rapidly eroded by the passing of time. 
A convinced communist, although he would 
wish to see communism established as soon 
as possible, will still be greatly interested in 
the prospect of Communist rule a hundred 
years from now, if it cannot be created ear- 
lier. Perhaps the most extreme case would be 
that of a religious person who wants the di- 
vine will to be done in history: Because the 
deity is eternal, it may not matter greatly to 
the faithful whether the realization will be 
achieved 10 years from now or 500 years from 
now, at least not in regard to the sacrifices he 
is willing to make. It seems to me that all 
ideological purposes, in the broadest sense of 
the word, keep their weight with relatively 
little reduction through the prospect of time. 

If this is correct, it is one more argument— 
in addition to those adduced by Baumol— 
why the search for a unitary, optimal rate of 
social discount is a wild goose chase. 
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On the Social Rate of Discount: Comment 


By Dav D. RamsEy* 


William Baumol has written a very pro- 
vocative article on the social rate of dis- 
count [1]. There is no doubt that the specifi- 
cation of the “appropriate” discount rate for 
evaluating governmental projects has per- 
plexed economists for quite some time and 
will probably continue to do so. Baumol’s 
major contribution to this problem is his 
formulation which, unfortunately, he did not 
fully exploit. Using his formulation, I will 
show that his conclusions are merely special 
cases of the general case; in addition the fol- 
lowing conclusions emerge: (1) the social rate 
of discount is a weighted average of observ- 
able pre-tax market rates of return and is not 
itself directly observable. The “weights” de- 
pend on how individuals in the private sector 
react to the transferral of resources. (2) 
Both risks and time preferences are given 
their appropriate consideration in this 
“weighting” process and neither need to be 
explicitly considered again. Hence, the in- 
determinacy or the inconsistency that 
Baumol found disappears, and the question 
about what is the appropriate rate of dis- 
count becomes an empirical one. Section I 
contains an analysis of the social rate of dis- 
count when there are no risks in the economy 
and time preferences are ignored. Risks are 
introduced in Section I and time preferences 
in Section ITI. 


I. The Riskless Tax Model 


I start by assuming the conditions of 
Baumol’s basic model with one modification: 
the addition of a noncorporate sector.! I as- 


* The author is assistant professor of economics at the 
University of Missouri-Columbia. I wish to acknowl- 
edge the Business and Public Administration Research 
Center for fmancial support and thank Paul E. Smith, 
James Moore, David Kamerschen, and William J. 
Baumol for helpful comments. All remaining errors are, 
of course, mine. 

1 His assumptions are: (1) all resources are fully 
employed; (2) risk and uncertainty are nonexistent; (3) 
all private goods and services are supplied by corpora- 
tions: (4) corporations are fmanced entirely by equity; 


sume that all markets are perfectly compe- 
titive. Let X, FY, and Z be the homogeneous 
outputs of the noncorporate sector, the cor- 
porate sector, and the public sector respec- 
tively, and let r be the rate of return on | 
noncorporate capital and government se- 
curities where the income earned on these 
securities is nontaxable. Let r, be the gross 
rate of return on corporate capital and ¢ be 
the average and marginal corporate income 
tax rate. Resources will be allocated between 
the corporate and noncorporate sector so 
that the after tax rates of return will be 
equalized,? i.e., r,=[1/(1—2)]r. 

Under what conditions will a transfer of 
resources from the private sector to the pub- 
lic sector be beneficial, neglecting distribu- 
tional considerations? This, of course, is a 
familiar problem of public finance where Z 
is not optimally produced within the private 
sector so that its evaluation must occur 
within a nonmarket framework employing 
some kind of cost-benefit analysis. This 
problem can be reformulated by simply ask- 
ing: what rate of return must the production 
of Z yield to compensate for the amounts of 
the private goods given up? 

Clearly, the answer to the above questions 
depends on what private goods are given up 
and how they are evaluated by consumers. 
It always seems to be implied that a transfer 
of resources from the private to the public 
sector comes from the private sector’s highest 
or best alternative. This is the unstated as- 
sumption that permits Baumol to state that 
the return on Z, r,, must equal or exceed 
[1/(1—ġ |r for the proposed transfer of re- 





(5) corporate income is subject to a 50 percent tax rate; 
(6) there is a unique interest rate, r, at which the govern- 
ment sells bonds; Baumol [1, p. 792]. 

3 Note that consumers’ time preference rate will be 
equal tor #f banks operate in the noncorporate sector so 
that r represents individual borrowing and lending 
rates, If the banks are in the corporate sector then bor- 
rowers’ time preference rate will be equal to re and 
lender’s will be equal to r. But more of this later. 


920 THE AMERICAN ECONOMIC REVIEW 


sources to be beneficial. Suppose, without 
inquiring how or why, resources are diverted 
from the production of X to the production of 
Z. Then as long as r,>r the proposed transfer 
is beneficial. This indicates that the source of 
“financing” Z ts important and has a crucial 
influence on the rate of return that the public 
project must yield. By “source of financing”, 
I mean the amounts of X and Y given up to 
get the increased Z and not whether taxes, 
borrowing, or printing money are used to 
transfer the resources. 

Reconsider Baumol’s argument in light of 
the noncorporate sector. The rate of return 
earned on resources devoted to the produc- 
tion of X is r which reflects consumers’ mar- 
ginal valuation of X. The rate of return 
which reflects consumers’ marginal valuation 
of Y is r, or {1/(1—#)]r. If the project is fi- 
nanced wholly by reducing the production 
of X (all changes will be assumed to be small), 
then as long as consumers’ marginal valua- 
tion of AZ yields a return greater than r, 
individuals (or society) will benefit. If AZ is 
financed entirely from reductions in the 
production of Y, then AZ must yield a return 
of at least [1/(1— À |r or r,. If the decline in X 
production finances a percent of AZ and 
decreases in Y production finances the 
remainder, then Z must yield a return of at 
least er-+(1—a) [1/(1—A]r for society to 
benefit. 

To state the argument a bit more formally, 
let MCs, MC, and MC, be the marginal 
resource cost of X, Y, and Z respectively 
excluding ‘“‘cost of capital.” Also Is, Iy, and 
I, are the dollar amounts of investment re- 
quired to produce one unit of X, FY, and Z 
respectively. P, and Py are the prices con- 
sumers must pay. Thus, (P;— MC;)/J,=s or 
P,=MC,+rI,, and (Py—MC,)/I,=r, or Py 
= MC, +r,I,. In equilibrium 


MC, + rl, MC:(1 + 1) 
MC, +77, — H MCO + ra 
(1) 
Lie 
P, 


Consumers’ marginal valuations of a unit of 
X and F are given respectively by P= MC, 
+rI, and Py=MC,+r,/,. Consumers face 


the price ratios on the right-hand side of the 
inequality in (1) but producers-investors are 
confronted with the price ratios on the left- 
hand side of the inequality. Given the price 
ratios they face, producers and consumers 
are, at the margin, still indifferent between 
producing and consuming another unit of X 
at the expense of a unit of Y. If resources 
are transferred from the production of X 
and Y to the production of Z, then the value 
of the lost X and Y production must be equal 
to, or exceeded by, the value of the increased 
Z production if society is to benefit. Thus, 


(2) Pa| AX| + P,[AY| < P,Az. 


The left-hand side of (2) is the value of the 
reduction in private output (the opportunity 
cost of Z) whereas the right-hand side is the 
value of the increased production of Z. So- 
ciety will benefit only if the inequality ob- 
tains. Now (2) can be rewritten as 


(MCe+114) | AX | +(MC,+1,1,) | AY | 

< (MC, + nT) AZ. 
Thus, rs, the rate of return on Z generated 
by consumers’ marginal valuation of AZ, 


must satisfy the inequality for society to 
benefit. 


Note that 

(4) Mc,|AX| + MC,|AY| = MC,AZ 
and 

(5) J2[ 4X| +/,| AY] = 1,42. 


Equation (4) simply states that the cost or 
value of noncapital resources to the public 
sector must equal their private sector cost or 
value. The same applies to amounts invested 
in the public and private sector.’ Thus, using 
(4) and (5) and dividing (3) by I,AZ we get 


(3) 


(6) ar + (1 — a)r Sr, 
where i 
L| AX| 
moha aa 


3 Otherwise resources will not voluntarily leave X and 
Y production to produce Z. If the government con- 
scripts resources then this valuation still reflects actual 
opportunity costs, . 
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Since 





(6) becomes 


@ G = J " 


The right-hand side of (7) is the social rate 
of discount and it clearly depends on the 
relative decreases of X and Y production. 
If we consider Baumol’s special case where 
all of the decrease in output comes from Y, 
a highly unlikely occurence I would imagine, 
so that e=0 then the social rate of discount 
becomes [1/(1—/)]r. As long as r, exceeds 
[1/(1—2)]r then the value of the increment of 
public output exceeds the value of the fore- 
gone private output. 

To specify the social rate of discount that 
leads to an optimal division of resources 
between the public and private sector re- 
quires that we know what portion of the 
increased public output is financed by 
reductions in X and F. Thus the appropriate 
discount rate lies somewhere in the range 
between r and [1/(1—2)]r; just where in this 
range depends on the proportional decline 
in investment in X and Y. Note, however, 
that Baumol is quite right in asserting that 
the form and manner in which X and F are 
decreased is irrelevant. What is important, 
which Baumol neglected, is the proportion 
of Z financed by reductions of investment 
in X or Y. Whether the reduced investment 
in X and F is effected by collecting corporate 
income taxes, printing money, selling bonds, 
or conscripting resources is immaterial as 
Baumol [1, pp. 792-3] pointed out.‘ One 
further important point: in this model there 
are two observable market rates of interest, 
r and r, but the social rate of discount is 
not one of these prevailing market rates; it 
is some linear combination of them and it is 
not directly observable in the market. 


II. The Role of Risk 


The analysis of risk is analogous to the 
tax case above. Again consider Baumol’s 





* If corporate taxes are increased by increasing $, then 
the social rate of discount must be recalculated. 


basic model except suppose there is no tax- 
ation. Let W be the riskless product, R the 
risky product, r the riskless rate of return, 
and r’ the risky rate.of return.’ Also let MCy 
and MC; be the marginal costs of the riskless 
and risky products respectively where the 
cost of capital or the rate of return is ex- 
cluded. Given a transfer of resources from 
the private to the public sector, what return 
must AZ yield to compensate for the reduc- 
tion of R and N? According to Baumol [1, p. 
796], re must be at least equal to r’. 

The value of the reduction in private out- 
put is: 


(8) Py|AN| + Pr| AR| 


which must be less than the value of the 
increased public output, i.e., 


(9) Py|AN| + Pe| AR| < PAZ, 
or 
ii (MCutrIn) | AN] 
+(MCr+r'Ir) | AR| <(MCi+ rT) AZ 
But 
MC,AZ = MCrl AR| + MCylAN| 
and 


IzAZ = Iz|AR| + In| AN] 


so (10) 
becomes 
(11) br + (1 — d)r' <S ra 
where 

pa MANI, 

IghZ 

Thus, 
(12) rortbr—r) 


will ensure that society benefits from the 
resource transfer. The social rate of discount 
is given by r’+8(r—r’) and hence lies in the 
range between r and r’ depending on the 


3 It is not relevant for my argument to specify just 
how risk enters the model. All that is necessary is to 
note that rates of return do differ, at least partly, be- 
cause risks differ. See Nerlove [6] and Fisher and Hall 
{2}. ; 
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value of b. When b=0, Baumol’s special case 
arises where all of the reduction in private 
output comes from R, i.e., R finances the 
entire increase in the production of Z and 
the social rate of discount is r’. 

When corporate income taxes are present, 
four market rates are generated: r, the risk- 
less rate of return on government and non- 
corporate securities; r’, the risky rate of 
return in the noncorporate sector; r,, the 
riskless rate of return in the corporate sector 
also equal to [1/(1—#)]r; and finally, r's, the 
risky rate of return in the corporate sector 
also equal to [i/(1—AJ]r’. Here again, the 
social rate of discount is not a directly ob- 
servable market rate; it is a linear combina- 
tion of them. This suggests that if public 
officials can manipulate the decrease in pri- 
vate output, the social rate of discount can 
be kept low and many seemingly low return 
public projects can be beneficial. 


III. Time Preferences 


Baumol argues that in the taxless risk case 
the time preference rate (for both individuals 
and society) is r, but the social discount rate 
is.r’. The social discount rate cannot simul- 
taneously be r and r’. The reason for the 
divergence, Baumol [1, p. 798] argued, is 
that there are two different optimization 
problems. The 7’ rate leads to an optimal 
division of resources between the public and 
private sector whereas r yields the optimal 
consumption pattern over time. Hence, one 
unique social rate of discount cannot simul- 
taneously lead to optimality in both situa- 
tions. It will be shown below that the time 
preference rate need not receive any more 
attention than any other prevailing rate of 
return. The reason for this is that the con- 
_ sumer’s rate of time preference is reflected 
in observable market rates of return and the 
above procedure for determining the social 
rate of discount already takes this into ac- 
count. 

Reconsider the riskless tax case and sup- 
pose that only individuals make personal 
loans; hence income earned from making 
personal loans is not subject to the corporate 
income tax. The rate of return on personal 
loans is therefore r and, assuming that there 


are no transactions costs, this is the rate that 
borrowers will have to pay. The time pre- 
ference rates of both borrowers and lenders 
at the margin is r. This appears to be just 
like “Baumol’s dilemma.” From above, when 
time preferences were ignored the social rate 
of discount was 


Cer 

r. 
1-2 
But this is not the case because now (ac- 
counting for time preferences) 
r| AL| +(MC.+r1,) | AX| 
+(MC,+r61y) | AY | <(MC.+11,)AZ 


where r|AZ| represents borrowers’ foregone 
value of current consumption of X or Y, 
|AL| is the absolute dollar change in loans. 
Again, it must be true that 


(14) MC,| AX| + MC,| AY| = MC,AZ, 
and 

(15) | AL| +| AX | +7,| AY| =24Z. 
Hence (13) becomes 

(16) ar + ar + (1 — a1 — a) S Ta 


where 





(13) 





| AL| l| AX | 
a, = and a, =————- 
IAZ I,AZ 
Therefore 
l 1— t 
(17) VEE AE Se 
(i — 4 


The social rate of discount is given by the 
right-hand side of (17). The social rate of 
discount as computed above thus reflects 
the time preference rates of individuals. 
Moreover, the time preference rate affects 
the social discount rate in exactly the same 
way as the rate of return on X. Thus, the 
social rate of discount is a weighted average 
of gross or pre-tax rates of return which auto- 
matically reflects and gives the appropriate 
weight to time preferences. This, of course, 
follows from Baumol’s ingenious insight 
about the necessity for only considering con- 
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sumers’ marginal valuation of the decline in 
private output as exhibited by pre-tax rates of 
relurn. 

“Baumol’s dilemma” may now be resolved 
as being contradictory special cases. To get 
a social discount rate of [1/(1-é)]r, (a:4+-a) 
must be zero, i.e., all of the decline in current 
consumption must come from nonborrowers’ 
consumption of Y. To get a social discount 
rate of r, (a1+a,) must be one, but (a;-++a;) 
cannot simultaneously be one and zero; in 
the above formulation it is not. 

If banks make loans and are located in the 
corporate sector and subject to taxation, 
then a wedge is driven between the time 
preference rates of borrowers and lenders 
whose time preference rates are r, and r, 
respectively. This is analogous to the riskless 
tax case where the wedge is between con- 
sumer and producer prices; here the “wedge” 
is between the borrower and lender time 
preference rates. Reformulating the problem 
we get 


(18) ra| AL| +P, | AX| +P,| AY| <P,AZ 
which reduces by (14) and (15) to 
(19) rol AL| +71,| AX| +r, AY | 


< 7,1, AZ. 

Thus, 

1 = Ast 
20 n= 
(20) = 
where 

I| AX | 
a = ——— - 
IAZ 


Now r, |AL| represents borrowers’ marginal 
valuation of their decreased amounts of cur- 
rent X and F consumption. It matters little 
to investors or lenders whether their invest- 
ment in X, Y, or L decreases since, after 
taxes, their return is the same. 

Notice that time preference could have 
been handled in exactly the same way in a 
taxless risk model where the risky venture is 
personal loans; the same results obtain. Risk 
can also be introduced in the above tax 
model with the result that for society to 


benefit 


(21) rns (Sr 


Denote the social discount rate by r,, it then 
becomes 


arina ae n — Sor Sni 


where 





L| AX| 
and ar = = 
ILAZ L,AZ 


a, = 


and it is assumed that personal loans involve 
the same amount of risk as does the produc- 
tion of F. 


IV. Summary and Conclusions 


There are two basic conclusions: (1) the 
social discount rate is a linear combination 
or weighted average of observable market 
rates of return and hence is not a directly 
observable market rate. The weights depend 
on the private sector’s reaction to a transfer 
of resources from market-oriented produc- 
tion to nonmarket-oriented production. (2) 
Time preferences and risks are accounted for 
in the “weighting”? procedure and, hence, 
need not receive explicit direct consideration 
again. To summarize, I have shown that the 
social rate of discount is given by 


q 
(23) > Te = 2 ari, 
tl 


where r; is the market observable pre-tax 
rate of return (including risk) in the +“ in- 
vestment venture and where a; represents 
the proportion of the publicly directed level 
of output financed by private sector reduc- 
tions in the 7 output including loans. Of 
course, 


4 
> Gi = 1.8 
i=] 


“If some private outputs actually increase so that a 
set of private output reductions finances both increases 
in Z and other private inputs then it is possible for r, to 
be greater than 1/(1—#) r’ where r’ is the riskiest cor- 
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Thus, risks, time preferences, differential 
taxes, and the effects of monopoly are taken 
into account by this procedure and con- 
sumers’ marginal valuation of the reduction 
in private sector output is correctly mea- 
sured.? 

Baumol concludes his paper by indicating 
his preference for a social rate of discount at 
the higher end of the range of interest rates. 
This, of course, implies that the resource 
transferral comes mainly from relatively 
higher risk, higher taxed, private ventures. 
This may be the case, but it is primarily an 
empirical question although there are some 
other implications which can now be stated. 
The nature of Z probably influences r., i.e.; 
the a; are not unique and invariant with 
respect to the kind of public project being 
considered. Public projects that draw re- 
sources from the low risk, low taxed areas of 
the private sector will yield a lower r, than 
if the opposite case holds. A diversion of 
resources from the agricultural sector will 
probably yield a lower r, than if the resources 
were diverted from the corporate sector. 
Also, different methods of financing the re- 
source transferral may yield different values 
for the a; An increase in the corporate 


porate investment or for r, to be less than r, the non- 
corporate sector’s riskless rate of return. However, 
given usual convexity assumptions, this appears 
unlikely. 

1 Note that the same formal results are obtained 
under monopoly as were obtained in the riskless tax 
case. Also, prices, marginal costs, and rates of return 
may be changed by the resource transfer because of the 
nature of production and utility functions; this intro- 
duces an additional problem of choosing between before- 
project and after-project prices to evaluate the reduc- 
tion in private output. 


income tax will yield a vector of a; and an 
increase in the personal income tax will no 
doubt yield a different vector of as. 

Determining the social rate of discount 
along the lines suggested here is somewhat 
analogous to determining the incidence of a 
tax. A tax usually causes price and output 
changes and the purpose of tax incidence 
analysis is to identify the resulting price and 
output changes. Hence, it may be fruitful to 
apply the theory of tax incidence to the 
determination of the social rate of discount.’ 
Also, the recent literature on the firms’ cost 
of capital appears to have a direct bearing 
on the approach used here.? 
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On the Social Rate of Discount: Comment 


By Dan UsHER* 


William Baumol raises the intriguing 
problem of choosing a rate of interest for the 
public sector when risk or tax interposes a 
spread between the subjective rate of time 
preference and the technical rate of oppor- 
tunity cost between present and future con- 
sumption in the private sector [1]. A number 
of writers have suggested that the rate of 
time preference is appropriate for discount- 
ing projects in the public sector. Baumol 
first goes to the other extreme by proposing 
that government projects ought to be dis- 
counted at a rate representing opportunity 
cost in the private sector. Later in the ar- 
ticle, he takes the more moderate position 
that both subjective time preference and 
opportunity cost are relevant. Baumol states 
that, 

... there is an unavoidable indeterminacy 

in the choice of that rate. The figure 

which is optimal from the point of view 
of the allocation of resources between 
the private and public sectors is neces- 
sarily higher than that which accords 
with the public’s subjective time pref- 
erence. As a result, neither the higher 
nor the lower figure that has been pro- 
posed can, by itself, satisfy the require- _ 
ments for an optimal allocation of re- 
sources, and we find ourselves forced to 
hunt for a solution in the dark jungles 
of the second best ... [1, p. 789] 


There is some question as to what is meant 
by indeterminacy in the first sentence quoted 
above. Baumol may be alluding to the di- 
vergence of views among economists on the 
appropriate rate of discount for government 
projects. The choice of the rate cannot be 
literally indeterminate if the correct rate can 
be hunted for in the dark jungles of the 
second best. Even when the rate of time 
preference differs from the rate of opportu- 
nity cost in the private sector, an optimal 
rate of discount for the public sector is im- 

* Professor of economics, Queen’s University, Kings- 
ton, Ontario. 


plied by the rules for maximizing the welfare 
of the community in the choice of public and 
private goods. Using the method developed 
by Richard Lipsey and Kelvin Lancaster 
[2], I shall show how to choose the interest 
rate on government projects and will prove 
that, under certain quite general assump- 
tions, the appropriate interest rate on govern- 
ment projects lies between the rate of time 
preference and the rate of opportunity cost 
between present and future consumption in 
the private sector. 

Imagine an economy in a world with two 
time periods, 0 and 1, and two types of com- 
modities, private goods that must be pro- 
duced in the private sector and public goods 
that must be produced in the public sector. 
The choice between public and private goods 
is made by the government in tax and ex- 
penditure policy. The government maximizes 
a community welfare function 


(1) U (Cop; Cos, Cip, Cio) 
subject to a production possibility constraint 
(2) T (Cop, Cogs Cip, Cig) = 0 
where Cop is current consumption of pri- 
vate goods, 
Cog is current consumption of pub- 
lic goods, 
Cip is future consumption of private 
goods, 
and Cy, is future consumption of public 
goods. 


1 The distinction between public and private goods is 
essential in this analysis. Without the distinction, or 
something like it, a spread between rates of interest in 
the public and private sectors would cause welfare to be 
maximized when all investment is undertaken in the 
public sector. To justify assuming that all private goods 
are produced in the private sector, it might be said that 
the private sector is more efficient at producing private 
goods or that excessive expansion of public activity 
would have undesirable social or political consequences. 
It would be odd to base a case for public enterprise on 
miszallocations arising from the tax system. 
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The first order condition is* 


To ensure that the community welfare 
function is well-defined, it is assumed that 
everyone in the economy has the same tastes 
and assets. The government need choose 
only the amounts of public consumption, 
Cog and Cis, and the private sector can be 
relied upon to choose the correct amounts 
of private consumption, Cop and Cy». It is 
convenient to think of Ci, and Cy, not as 
consumption next year, but as flows of con- 
sumption in perpetuity from next year on, 
so that derivatives like dCip/dCop and dC1,/ 
dCo, may be looked upon as rates of interest. 

There are twelve prices in this economy, 
six rates of transformation in production 
and six rates of substitution in use. Each set 
of six prices includes two ordinary relative 
prices, two own-rates of interest, and two 
cross-rates of interests. Suppose that Cop, 
Cog, Cip and Cy, are chosen. In production, 
the ordinary prices Ro, and Ry, are the rela- 
tive prices of public and private goods now 
and in the future. By differentiating equa- 
tion (2), these are seen to be 








dC T 
(4) Ru=—2| = = 
dCoir Top 
dC T 
(5) Rit = = = ie 
gale Tip 





The own rates of interest, 7p: and rg, are the 
rates of transformation in production be- 
tween present and future consumption of 
private and public goods respectively. 











dC. T 
(6) (pe ae 
dC op rT Tip 
dC T 
(7) iens] ee 
oir Tip 





2 The term Upp means ôU /ôCop, the terms Uo, Tip, 
Uin Top). Ton Tip and Ti, are defined accordingly; the 
functions T and U are defined so that these terms are 
positive. 


The cross rates of interest, rpg, and fgp:, are 








dC T 
(8) Toot = —~| =" 
Hey lr Tig 
dC T 
(9) fe | oe 
dC pg Ir Tip 





The six rates of transformation in use, 
Rou, Rius fpu, fous Tops Tpos ate defined with 
respect to the welfare function, and it follows 
from the first order conditions, equation (3), 
that all rates of transformation in use are 
equal to the corresponding rates of transfor- 
mation in production. However, the own- 
rates are not equal; it is easily seen that the 
own-rates on public consumption and on 
private consumption are connected by the 


formula R 
(10) Tot = Tpt aoe 
le 


Equation (10) indicates that the own-rate of 
interest on public goods exceeds the own- 
rate on private goods if public goods are 
getting cheaper as time goes on. 

The reason for drawing attention to the 
distinction between own-rates and cross-rates 
and to the fact that these rates are not equal, 
is that a rate must be chosen to represent 
Baumol’s notion of opportunity cost of in- 
vestment in the public sector. In particular, 
the rate must have the property that it 
would equal the private rate of return to 
investment in the absence of institutional 
constraints interposing a gap between the 
rates of transformation in production and in 
use between present and future consumption 
in the private sector. 

To simplify the problem and to introduce 
an institutional constraint on private invest- 
ment, we make the following assumptions: 
` (a) The rate of transformation in produc- 
tion between public and private goods is 
unity in both time periods. 

(11) Rot = Ru = 1 


As this is assumed true for all choices of out- 
put, it implies that the form of the produc- 
tion possibility constraint is 


(2) Top + Cog) Cip + Cig) = 0. 


i 
i 
I 


| 
i 


i 
[i 
1 
3 
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It follows from this assumption that all four 
rates of interest in production are equal. 


(12) 


The rates of interest in use will continue to 
differ when the institutional constraint is 
introduced. 

(b) The production possibility curve is 
concave in the sense that an increase in the 
output of any good increases the cost of 
producing it. In particular, 


Tot = Tor = Vogt = Topt 


ð ð 
13) —— (f) > 0 and —— (ra) < 0. 
a3) z Cn (rp) ane aaa (Fai) 


An increase in Cop, causes an increase in the 
relative price of Cop and Cip, and an increase 
in Cip causes a decrease in the relative price 
of Cop and Cip. Production possibility curves 
are usually assumed to possess this property. 
From assumptions (a) and (b) together, it 
follows that 


ə 
aC op 
a a 
———— (7, = a 

ar, (ros) dCi 


ð 
(rp) = Ca (r) > O and 
(14) 


(rp) <0. 


(c) The utility function is convex in the 
| sense that an increase in the output of any 





į 


í 


good lowers its marginal rate of substitution 
' in use with respect to any other good. In 
particular 


ĝ 
ai, 





| ð 
' (15) —— (fm) <0 and (rou) > 0. 
Con 


An increase in Cop, lowers the relative price 
of Cop and Cip, and an increase in Cip, in- 
creases the relative price of Cop and Cip- 

(d) Public consumption now is a closer 
substitute for private consumption now than 
i it is for private consumption in the future, 
` but private and public consumption now are 
i less than perfect substitutes. 


ð ð 
16 — < —— < 0. 
(16) aC op (rpu) Ca (fpu) 


' An increase in Cog causes Cip to become rela- 
: tively more valuable than Cop, but the effect 
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Cip TlCop +Cog» Cip +tCig) =0 


~ [Cog and Cig are Constont} 


LINE OF SLOPE [py 
[rot = krpul 


LINE OF SLOPE [oy 


FIGURE 1 


of an increase in Co, on the relative valua- 
tion of Cop and Ci, is less than the effect of an 
increase in Cop. Similarly, it is assumed that 


ð 
ae (Tps) > 


17 
(17) T 





ð 
> 0. 
Eom (fpu) 


(e) Risk or the tax system interposes a 
spread between the rate of transformation in 
production and the rate of substitution in 
use between present and future goods in the 
private sector. 


(18) 


where &>1. For example, a corporation in- 
come tax of 50 percent causes fp to be 
twice the value of 7px; the k corresponding to 
a corporation income tax of 50 percent 
is 2. The situation may be illustrated in a 
two-dimensional diagram, Figure 1. Suppose 
the government has chosen Cy, and Cig. The 
unbroken curved line, T, is the production 
possibility curve of Cop and Cip. The broken 
curved lines, Ug and Up, are indifference 
curves. The equilibrium without the con- 
straint is at Æ where the indifference curve, 
Ug, is tangent to the production possibility 
curve. The equilibrium with the constraint 
is at F where the slope of T is rp, and the 
slope of the indifference curve Up, is fpu. 
When there is no constraint on private 
investment, i.e., when k=1, the government 
can maximize U by its choice of Co, and 
Ci, alone because the private sector can be 
counted on to choose Co, and Cip to equate 
rates of transformation in production and in 
use between these variables. When k>1, the 
value of U that the government can obtain 


Tot = rou 
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by choosing Co, and Cy, is less than the value 
it could obtain by choosing Cogs, Cio, Cop and 
Cip. 

The task of the government is to choose 
Co and Ci to maximize 


a’) U (Cops Coos Cip, Cio) 
subject to 

(2) T(Cop + Cog, Cip + Cio) = 0 
and to 

(19) M = kru — 


where, as may be deduced from our assump- 
tions’, 


Tr = 0 


(20) Mop < My <0 
and 


Form the Langrangean expression 
(22) U — AT — uM 
and differentiate the Lagrangean with re- 


spect to the four items of consumption. The 
new equilibrium conditions are 


(23) Uop — AT op — uMop = 0 
(24)  Uw— AT ip — uM iy = 0 
(25) Uos — AT oo — uM a, = 0 
00. Ue iri di, <0 


3 The term Mop means 0/8Cop (M), and Moy Mis, 
and Mi, are analogously defined. To prove equation 
(20), note from pEr (19) that 

Mop = k E f- ac, 
and 


Mog = EE z oo PTN 


Assumption i states A 


— z= FT <0 
and rin a states ae 
x sary aE ze <0 


Therefore M a a <0 as oct in equation (20). 
Equation (22) is proved the same way. 


As our measure representing Baumol’s 
optimal rate of discount on public invest- 
ment, we choose, fou, the own rate of substi- 
tution in use between public consumption 
now and public consumption in the future. 
Assumption (a) ensures that this rate would 
equal rates in the private sector if not the for 
institutional constraint. 

We shall now show that optimal rate of 
interest on public investment is not inde- 
terminate, and that the rate lies between 
the rates of interest on private consumption 
in production and in use. 


(27) Tpu < Tou < Pe 


To prove that the inequality (27) holds, 
we first show that »/A>0, then we show that 
Tos <fpt, and finally we show that fpu > fpu- 

From equations (23) and (24), it follows 
that 





M 
T 
U np Top À Top 
(28) tp = — = — 
Uip Tip E M ip 
A Tip 
or 
a M 
1+ oe 
H Lop 
29 =r 
( ) Tpu pt N Mn 
1+ 
u Tip 


By assumption, fpu<rp:, Top>0, Tip>0,Mip 
>0 and Mo,<0. Consequently A/u>0, for 
otherwise equation (29) would be inconsist- 
ent. 

To prove fos <fps note that 











u Mo, 
U T A T 
(30) ry =- ~ 
lg T lg H M le 
à Ty 
or, since To= Top and Tie = Tip, 
M 
1 + E te 
A To 
(31) Tow = Tre M 
i+. —*¥ 
A Ty 
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But Mo<0, Miy>o and all the terms Tos, 
Tu and A/p are positive. Consequently rox 
<fpe 

To prove that ry.>rpu, we show that the 
ratio of these rates is greater than unity. 











M 
T i = 

ca z A 
Mpegs oe 

à To 

M 

ET 

To X Tin 

' T M 

lg 145 Ip 

i Dy 


By assumption (a), To= Top and Tu= Tip, 
so that 





(33) 
w +(=) Me 
UT op 
mony 
(34) y i : 
N 





Fròm equations (21) and (22), it follows that 
both terms on the right-hand side of this 
expression are greater than 1. This completes 
the proof that 
(27) Tpu < Tou < Ppt 

A similar relation holds among fps, rp: and 
the rate of transformation between private 


goods in the present and public goods in the 
future. 
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On the Social Rate of Discount: 
Comment on the Comments 


By Warm J. BAvMOL* 


It is gratifying to be the author of a paper 
that has led to comments of the quality 
printed here. Though I differ with a number 
of the viewpoints expressed, I think on most 
of them the reader is best left to judge for 
himself. There is only one issue on which I 
want to offer a few remarks. In my paper, 
I addressed myself to the analytic difficulty 
posed by the possibility that the subjective 
time discount rate is well below the oppor- 
tunity cost rate of resources drawn from the 
corporate sector, and remarked that the 
choice of social discount rate becomes a 
matter of the theory of the second best. Dan 
Usher takes up the challenge and tackles the 
difficult task of an explicit second best anal- 
ysis, and argues with its help that “... un- 
der certain quite general assumptions, the 
appropriate interest rate on government 
projects lies between the rate of time pre- 
ference and the rate of opportunity cost be- 
tween present and future consumption in the 
private sector.” 

David Ramsey, confining himself to the 
opportunity cost approach, in a world in 
which the returns to resources differ among 
sectors of the economy, concludes that 
“|... the social discount rate is a weighted 
average of observable pre-tax market rates 
of return.” It is, in effect, an average of the 
opportunity costs associated with each of the 
sources of funds utilized by a government 
project, each opportunity cost weighted by 
the proportion of these funds drawn from 
the corresponding source. This suggests that 
“| ,. public projects which draw resources 
from low risk, low taxed areas will yield a 
lower [discount rate] than if the resources 
were diverted from [other sectors].”’ 


* The author is a member of the faculty at Princeton 
University. 


Alan Nichols, on the other hand, takes a 
diametrically opposite view. He argues that 
“ . . . the correct [social discount] rate... is 
categorically the [highest] of the pertinent 
opportunity costs.” The argument is, ap- 
parently, that if resources are being em- 
ployed in two private uses R and S where 
they yield respective returns of r and s per- 
cent, then (if r>s) funds should not flow toa 
government project unless it too offers at 
least r percent, even if the funds are derived 
from S, for in that case it would be better to 
transfer resources from S to R than from S 
to the government project. 

Obviously neither of the authors is wrong. 
Nichols is a perfectionist who will have no 
truck with second best solutions, while Ram- 
sey will accept any transfers to the public 
sector provided they constitute improve- 
ments. In this imperfect world, my own in- 
clinations lie with Ramsey—I would be un- 
happy to see opportunities for a better use 
of resources passed up in an unwillingness to 
compromise with ideals [1]. 

Finally, I cannot resist thanking Estelle 
James for calling to our attention and anal- 
yzing an aspect of the problem I had over- 
looked completely—the case where govern- 
mental and private outputs are substitutes. 
In that case the issue, essentially, is not 
which collection of services should be pro- 
duced, but who should provide them. And 
here, clearly, the relevant considerations are 
not the same as those I discussed. 
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New Thoughts About Inferior Goods 


By H. H. LIEBHAFSKY* 


When we combine assumptions that the 
utility function is additive and that one 
commodity is an inferior good (defined as 
one for which purchases decrease as income 
increases), we produce a case in which there 
are n-1 inferior goods, each of which has 
diminishing marginal utility, and one normal 
commodity (defined as one for which pur- 
chases increase as money income increases), 
which has increasing marginal utility. This 
result is of considerable general interest. It 
provides an analytical method of evaluating 
the results of empirical studies of demand 
based upon additive utility functions written 
for blocks of commodities [2] [4] [7]. Unless 
such empirical studies produce a result in 
which all income elasticities are positive, 
they must produce a result in which there 
are #-1 negative income elasticities and one 
positive income elasticity. 

In addition to the general demonstration 
mentioned above, this paper also presents 
what is apparently the first published spe- 
cific utility function, together with its asso- 
ciated demand functions to illustrate the 
case of a commodity with a negatively slop- 
ing income consumption curve. This specific 
(additive) utility function can be subjected 
to a monotonic transformation by squaring 
it; such a transformation leaves the demand 
functions unchanged and, in our case, will 
produce an illustration of the case of an in- 
ferior good based on an assumption of de- 
pendence of the marginal utilities. I turn 
first to the general demonstration that the 
combined assumptions: (1) that the utility 
function is additive, and (2) that one good is 
inferior, imply that there are #—1 inferior 
goods (all with diminishing marginal utility) 
and one normal commodity (with increasing 
marginal utility). 

Assume the existence of a consumer with a 
utility function of the form: 


(1) U = fila) + felx) +- F falta), 


* The University of Texas at Austin. 


where U represents total utility and a, 
%,..., Za represent quantities of the goods 
purchased. l 

Further, let J represent the consumer’s 
money income and fı, $2, ..., Pa be the 
prices of the goods bought. The budget equa- 
tion can then be written: 


(2) bixi + > pe, = I. 
int 


The marginal utilities of the goods are desig- 
nated by 


(3) AE E E PE 
u=—; w=—.- (i=2,3,..., 7 
i GEZI i Ox; i : 


The second partial derivatives of the util- 


` ity function are defined as: 


å eu ðU 
( ) 411 = an ; hii = ane 








The first order maximization condition is 
written in the usual well-known way as: 


(5) = =m, 


where m is the marginal utility of money. 

The conditions of stability deduced by 
E. Slutsky are applicable to this case [6]. 
According to Slutsky, it is necessary in our 
case for the budget to be stable that 


(6) dU = undai + undra +>- 
+ tinaditn <0. 


Slutsky has asserted that #U<0 if uy and 
all the “x are negative and that in such a 
case 0m/OI will also be negative. He has also 
asserted that the budget will be stable if one 
good only has increasing marginal utility, 
provided that also, dm/dI>0; but that if 
two or more of the marginal utilities increase, 
the- budget “can never be stable.” These 
stability conditions are of much importance 
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(8) al or 


poe aore w e 


in the analysis which follows and should be 
carefully noted now. 

Now differentiate the budget equation 
with respect to money income (J) to produce: 


0x1 bad 
7 parte 
(7) re ar 


As is well-known, not all of the terms on the 
left side can be negative; either 0x,/AJ or at 
least one of the @x,/@I must be positive. 
Thus, since an inferior good is defined as one 
such that the relevant ðx/ðI <0 and a nor- 
mal commodity is one such that dx/aJ>0, 
equation (7) leads to the conclusion that 
every case must at least include one normal 
good, dx/dI>0, because the right-hand side 
of that equation consists of the positive 
number, one. 

Differentiation of equation system (5) 
under the assumption of independence 
(un == t1=0) produces equation system (8) 
from which we may derive: 


Ox. om 
op SA am, 

or Hi ol 

Ox; ps m 
9b — = — —- @=2,3,...,n 
OR). Or eg ar” ) 


Recall now Slutsky’s statement of the 
stability condition: If #1 and all the #,; are 
negative, so is Om/dZ, and “the budget is 
stable.” Now, since p: and 9; are positive, if 
tu, all the u, and dm/daI are negative, the 
right-hand sides of equations (9a) and (9b) 
will both be positive. Therefore, so will the 
left-hand sides be, and thus, in such a case, 
001/02 >0 and dx,/dI>0. All n commodities 


OXn om 
+0 Say 
a ar 
GEM om 
+0 Zap L 
a ar 
GEM om 
+ than — = Pa * 
tan ar Pear 


will be normal. Since it is well-known that 
demand curves of normal commodities have 
negative slopes, it is clear that the combined 
assumptions of (1) independent marginal 
utilities and (2) diminishing marginal util- 
ities for all goods are alone sufficient to pro- 
duce a case involving » goods having nega- 
tively sloped demand curves. Since Marshall 
made these combined assumptions in show- 
ing that demand curves would be negatively 
sloped, his further assumption that the 
“marginal utility of money is constant” was 
redundant. 

Equations (9a) and (9b) show that in or- 
der to produce a case of an inferior good, 
Ox,/0I <0 or one of the dx,/dI <0, either uy 
or one of the #;; must have a sign opposite 
from that of dm/dI. But Slutsky’s stability 
conditions rule out the possibility that more 
than one of the goods can have increasing 
marginal utility. They require in addition 
that, if one good does have increasing mar- 
ginal utility, 3m/ðI must be positive also. 
Moreover, it is not possible to assume that 
all goods have decreasing marginal utilities 
and that dm/dI>0. Given the stability 
conditions, one good only can have in- 
creasing marginal utility, and, in this case, 
dm/dI>0 also. Thus, there must also be 
n-1 goods with decreasing marginal utility. 
From equation (9) it follows that, under 
these conditions, the good with increasing 
marginal utility will be normal (@x/dI>0) 
and the n-i goods with decreasing marginal 
utilities will be inferior (3x/ðI <0). Thus, if 
any one good is inferior, there will always be 
m-1 inferior goods whose marginal utilities 
decrease and one normal commodity whose 
marginal utility increases. 


} 
i} 
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I turn now to the specification of a par- 
ticular utility function to illustrate the gen- 
eral case; the function used will produce a 
negatively sloping income consumption curve. 
Let xı represent the quantity of one specific 
use of a consumer’s money income, J. Also 
let xz represent an amount of all other pos- 
sible uses of the consumer’s money income. 
The prices are again represented respectively 
by żı and pz and the budget equation reads: 


(10) pita + pas = 1. 
Assume further that the consumer has the 
following utility (or preference) function: 
2 


01) U = Alog Xi + z, 


where A, is a positive constant. 
From (11) we have the marginal utility 
functions as 




















933 


Our utility function is additive and involves 
independence, since un= #1 = 0. 

The demand functions can be produced 
in terms of money income and prices by sub- 
stituting from (12) into (5) and solving first 
for either xı or xa. The result can then be sub- 
stituted into (2). Since I have illustrated this 
procedure in detail elsewhere [5, p. 114 ff.], I 
will merely write the final results in equations 
(14) and (15). From (14) we can obtain: 


a9 —= 


Gales ae 


since 441p > 0. 


Thus xı has a negatively sloping income 
demand curve and is an inferior good. 

From (15) we see that 2 is a normal com- 
modity, since: 


(12) ðU Ay ðU 
“>= = — = = y . 
: Ox, ay? “z GEZI : OX a 
ol 
From (12) we also have: i j 
zan leil 
pe me aA amd L ae 
1 
aru As stipulated by our general analysis, the 
tle. = =1>0; inferior good has decreasing marginal utility 
x and the normal commodity has increasing 
au marginal utility. Both price demand curves 
ui = = 0 = “n are negatively sloping, as the reader can de- 
Ox 10% termine for himself by taking the necessary 
/ / 
I / E, Ape d y P — 44ih 
vy S ae ee eee See 
2 4p? 2 4p? 
(14) pı ti $i fı rd 
E EE ey 
= — — — V B — 4A = — (I — VI? — 44°). 
Ip 2p VvE. i op, ¢ 1p?) 
/ 2 ; 2 
E O E a 
2 4 3 2 4p? 
(15) br pe Pt Pi br pa hi 
seapea ar e aa 
2b: 2pips 2 2p3 aoe 
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derivatives. Also, the inferior good, Xi, has 
unitary price elasticity, because of the as- 
sumption of unitary elasticity in its utility 
function, a result not generally true in the 
case of inferior goods. The reader who wishes 
to produce a case involving nonzero cross 
partial derivatives can do so by squaring our 
utility function. Such a monotonic transfor- 
mation leaves the demand functions un- 
changed, a result well-known. 

Our analysis provides an answer to the 
question of the type of utility function nec- 
essary to produce a case of an income con- 
sumption curve for a good which is normal 
at low levels of income but inferior at high 
levels of income, as depicted in several price 
theory books [1, p. 622], [3, p. 78], [8, p. 85]. 
If the utility index is additive, such a case 
must involve the existence of one commodity 
with decreasing marginal utility and another 
whose marginal utility function first de- 
creases, next reaches a minimum, and then 
increases, as equation (9) discloses. The 
commodity whose marginal utility con- 
stantly decreases will be a normal good as 
long as the marginal utility of the other com- 
modity decreases and dm/dI <0; it will be 
independent of income when the marginal 
utility of the other good is at its minimum 
point and dm/dZ=0; and it will be an in- 
ferior good when the marginal utility of the 
other good increases and dm/dI>0. The 
commodity whose marginal utility decreases, 
reaches a minimum, and then increases will 


be a normal good at all levels of income. The 
analysis of inferior goods in the case of a 
utility function with nonzero cross partial 
derivatives by use of Slutsky’s stability 
conditions (the general case of dependence) 
provides an interesting possibility for useful 
further study, and I present it as a challenge 
to the reader. The monotonic transformation 
produced by the squaring of equation (11) 
may be one starting point for such an analy- 
sis. 
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The Contribution of Education to the Quality 
of Labor: Comment 


By Epwarp F. DENISoN* 


David Schwartzman argues in a recent 
issue of this Review [5] that the estimate 
given in my Sources of Economic Growth [1] 
for the rise in the quality of labor due to ad- 
ditional education was far too big. His com- 
ment appeared nine months after, but was 
written before, publication of my Why 
Growth Rates Differ [3]; I shall also refer to 
that book in order to bring the discussion up 
to date.? 

I must first correct Schwartzman’s sum- 
mary of my substantive results. He reports 
[5, p. 508] that in Sources “... Denison 
ascribes over three-fifths of the growth in 
output per man-hour to increased educa- 
tion.” My estimates actually implied 29 per- 
cent: .67 percentage points [1, Table 33] out 
of a growth rate of output per man-hour in 
the whole economy of 2.34 percent.? 

In Why Growth Rates Differ, my procedures 
were altered to reduce the effect of changes in 
days of school attended per school year and, 


| with more data available, to incorporate 
| some refinements; for the 1950-62 period 

they yielded .49 percentage points as the 
i contribution of education [3, Table 21-1]. 
| If applied in the 1929-57 period, the change 
„in my allowance for school days would cut 


my estimate of .67 percentage points to 


, about .5, or 21-22 percent of the growth of 


output per man-hour. 

Indiscussing Schwartzman’s specific points, 
| I shall usually refer to growth rates of edu- 
| cational quality indexes for civilian labor. 


1 These exceed contributions of increased edu- 


| * The author is a senior fellow at The Brookings In- 
i stitution. The views expressed do not purport to repre- 
sent the views of the other staff members, officers, or 
; trusteees of The Brookings Institution. 
| 1 Schwartzman’s cooperation in providing additional 
information about his procedures and offering valuable 
comments on an earlier draft of this communication are 
gratefully acknowledged. 

2 This figure can be derived from [1, Table 31], which 
shows growth rates of 2.93 for real national income, 1.31 





for employment, and —.73 for average annual hours. 


cation of the labor force to growth rates of 
national income because 1), civilian labor 
represents only a fraction of total factor in- 
put, and 2), in some activities the change in 
output is measured by employment or man- 
hours so a change in labor quality cannot 
affect measured output. My educational 
quality index for civilians grew at a rate of 
.75 in 1950-62 [3, Table 8-5, column 4] while 
the contribution was .49 percentage points. 
Thus, any change in the civilian quality in- 
dex would alter the contribution by about 
one-third less. 

My quality index is constructed in two 
stages. First, I compute an index based only 
on changes in the distribution of the labor 
force by years of education. Second, I allow 
for increased school attendance per school 
year. Schwartzman does the same. Growth 
rates of civilian quality indexes compare as 
follows: 





Estimate 
Based on Allowance for Final 
Changesin Attendance Quality 


Years (I) per Year (H) Index 


Denison [3] 

1950-62 52 23 75 
Schwartzman, 

1940-60" .20 13 33 





= Schwartzman’s calculations are for 1940-60; he lets 
them refer to 1929-63 on the assumption that “.. . the 
tate of change was uniform over the entire period 1929 
to 1963 .. .” (5, p. 510]. 


I shall concentrate on this comparison, but 
note that Schwartzman’s own comparison 
was between his rate, published as .3, and the 
1930—60 projection given in Sources, which 
had a growth rate of .94 [1, Table 9]. 


I. Years of School 


Schwartzman’s Stage I estimate of .20 for 
1940—60 is 62 percent lower than my .52 for 
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1950-62. Derivation of such estimates re- 
quires weights to combine education groups, 
distributions of the labor force by years of 
education for dates to be compared, and a 
procedure to compute a quality index from 
this information. Schwartzman’s criticisms 
of my Stage I estimates refer chiefly to my 
education weights, but we also use different 
distributions and procedures. 


Education Weights 


In Why Growth Rates Differ, weights were 
derived from Census data for 1959 money 
earnings of males who had money earnings in 
1959, were in the experienced civilian labor 
force in April 1960, and were 25 to 64 years of 
age in April 1960. For males within each 10- 
year age bracket within the 25-64 range, I 
computed the mean money earnings of those 
in each years-of-education group as a per- 
centage of mean earnings of those with 8 
years of education [3, Table F-1]. The four 
sets of percentages were then averaged to ob- 
tain average percentages standardized by 
age. These percentages were not used as 
weights directly because males of the same 
age with different amounts of education dif- 
fer not only in education but also in various 
other characteristics that affect earnings and 
are correlated with amount of education. In 
an effort to approximate earnings differen- 
tials associated with differences in amounts of 
education alone, I reduced the earnings 
differential between each other group and 
the 8-year group by two-fifths [3, Table 
F-2].3 The procedure used in Sources differed 
only in that the data referred to 1949 money 
income (not earnings) of all males in the four 
25-to-64 age groups in 1950 (not to males in 
the experienced labor force with money in- 
come in the prior year). 

Schwartzman’s objections that the 1949 
data used in Sources referred to income 
rather than earnings and included males 25- 
64 not in the 1950 labor force are valid in 
principle. But they do not apply to the 1959 
weights developed in Why Growth Rates 
Differ and evaporate in practice, because the 


3 The assumption is discussed in [1, pp. 68-70, 79]; 
(2, pp. 86-100]; and [3, pp. 83-84]. 


two sets of weights are so similar [3, Table 
F-2, columns 2 and 4] that the choice does 
not affect quality indexes, (I continued to use 
the earlier weights.) One probable bias men- 
tioned by Schwartzman remains: the less 
educated among the 1960 labor force prob- 
ably had more weeks of unemployment in 
1959 than the more educated. Schwartz- 
man’s wording may inadvertently suggest 
that he also criticizes me (erroneously) for 
not standardizing earnings by age groups, 
but he tells me that this was not his intent. 
We agree on the desirability of age standard- 
ization. 

To facilitate discussion of remaining issues, 
I show in Table 1 weights computed from 
four sets of earnings data for males 25 to 64. 
All are based on the same mechanical pro- 
cedure of computing earnings at each edu- 
cational level as a percentage of earnings at 
the 8-year level in each of the four age 
groups, averaging these percentages, and 
reducing differentials from the 8-year level 
by two-fifths. Column { gives the weights de- 
rived in Why Growth Rates Differ from av- 
erage annual earnings in all civilian indus- 
tries as calculated by the Census Bureau. 
Column 4 gives weights based on average 
hourly earnings in nonfarm industries as 
calculated by Victor Fuchs in [4]; Schwartz- 
man uses these earnings. Earnings used in 
columns 2 and 3 are described subsequently. 
Below each set of weights I show the growth 
rate, based on these weights, from October 
1948 to March 1965 of a quality index for the 
male civilian labor force 18 years of age and 
over. The .52 rate based on my weights . 
(column 1) happens to be the same as my 
1950-62 rate for both sexes combined, and 
the effect on these two rates of changing 
weights would be the same.’ The rate shown 
in the last column is .35; thus the difference 
in selection of earnings as weights accounts 
for over half the difference between Schwartz- 


4The 1948 and 1965 labor force distributions are 
given in [3, Table F-9]. 

5 A change in weights introduces roughly the same 
percentage change in a quality index regardless of time 
period (within recent decades). Since, in this case, the 
level of the growth rates is the same, the change would 
also be about the same when measured in percentage 
points. : 


1 
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TABLE 1—ALTERNATIVE EARNINGS WEIGHTS AND 
ASSOCIATED EDUCATION QUALITY INDEXES 


Census Census Fuchs Fuchs 
All-Industry Nonfarm Nonfarm Nonfarm 
Annual Annual Annual Hourly 
Earnings Earnings Earnings Earnings 
(1) (2) (3) (4) 
Years of education 
0 71 75 75 78 
14 17 81 81 85 
5-7 90 91 91 93 
8 100 100 100 100 
9-11 110 108 107 105 
12 121 120 117 112 
13-15 139 136 133 126 
16+ 181 176 162 150 
Male quality index, 1948-65 (growth 
rate based on years only) .52 Ad 43 35 
Same, with substitution in 16-+ row 
of column 1 weights 52 50 49 44 


man’s Stage I estimate and mine (.17 out of 
.32 percentage points). 

Differences among growth rates shown in 
Table 1 stem mainly from differences in 
earnings differentials between the college- 
trained and those with only elementary edu- 
cation. It is between these groups that the 
net shift in the distribution is most pro- 
nounced and the difference in weights 
greatest. As shown by the last row of Table 
i 1, substitution of the 16+ weight from the 
first column for that in the other columns 
i (without altering the weights of the other 
| education classes) would in itself eliminate 
i over half the differences among the rates. 
| The earnings Schwartzman uses differ in 
three ways from those I use: 1. Schwartzman 
excludes agricultural workers. He argues that 
their earnings are understated relative to 
, nonfarm earners because income in kind is 

omitted and because the self employed un- 
derreport; and that this exaggerates earnings 
differentials by education level since agri- 
cultural workers have less education than 
others [1, pp. 509-10]. But there are two 
large offsets to the biases he notes. First, 
earnings of farm operators include returns 
from land and capital as well as from labor. 
Second, earnings of farm operators, who 


i 





are mostly males 25-64, include income de- 
rived from work performed by unpaid family 
workers as well as from their own work.’ 
Some net bias may be present, but my judg- 
ment has been that earnings from labor 
are lower in agriculture, and, contrary to the 
view implicit in Schwartzman’s comment, 
earnings differentials in the whole civilian 
economy are better approximated by data 
for the whole civilian economy than by data 
for nonfarm industries. I therefore prefer to 
use all-industry data.” In practice, the choice 


8 Unpaid family workers provide no offset. All but a 
negligible 28,000 are excluded from the data I have used 
because they are females, or males under 25 or over 64. 
The remainder are excluded unless they had money 
earnings. 

1 Schwartzman refers only to biases in the Census 
farm earnings data, but some readers might suppose 
there is a different reason to base earnings differentials 
on nonfarm data: that labor misallocation and perhaps 
a preference for farm life depress farm earnings and thus 
widen observed earnings differentials among education 
groups in the whole labor force. But this is one of several 
intercorrelations between education and other income 
determinants for which my two-fifths downward ad- 
justment of earnings differentials is intended to com- 
pensate. The more homogeneous with respect to farm- 
nonfarm composition, race, region, parents’ background, 
and natural ability is the universe for which earnings 
differentials are computed, the smaller is the appropri- 
ate downward adjustment. If I were to start with a uni- 
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is only moderately important; the growth 

rate of a quality index would be reduced 6 

percent (.03 percentage points in 1948-65) if 

nonfarm weights were substituted (Table 1, 
‘columns 1 and 2). 

2. Twice as important is the source of 
nonfarm earnings. I have relied on Census 
Bureau data for mean earnings.’ Schwartz- 
man used means, computed by Fuchs for his 
study of region and city size, which yield 
narrower earnings differentials among edu- 
cation groups.’ Substitution of the Fuchs 
means depresses the growth rate of the qual- 
ity index by an additional 12 percent—.06 
percentage points in 1948-65, of which .05 
points stems from the college graduate group 
(Table 1, columns 2 and 3). 

The difference derives from the midpoints 
used to compute means from grouped data. 
Almost half of all males earning over $15,000 
were college graduates, so earnings differen- 
tials among education groups are sensitive to 
choice of midpoints in the top earnings 
classes. Fuchs used $18,500 as the midpoint 
for the $15,000 to $24,999 earnings class, the 
Census Bureau $19,000. More important, 
for the open ended $25,000 and over class 
Fuchs used a uniform $40,000 whereas the 
Census Bureau obtained a midpoint for each 
age-sex-education group by “interpolation 
...from a Pareto curve fitted to the upper 
income range”; the higher pitched an earn- 
ings distribution, the higher was the mid- 
point used for the top earnings class. With 
agriculture included, the Census Bureau 





verse more homogeneous in these respects, such as the 
nonfarm labor force, I would reduce the downward ad- 
justment of earnings differentials, not the spread in the 
final education weights. For brevity, the two-fifths 
adjustment is sometimes called an ability adjustment 
(Schwartzman does so), but analyses I have made or 
seen suggest two-fifths is far too big an adjustment to 
compensate for ability, as measured by such indicators 
ag rank in class or IQ scores, alone. 

3 The indexes before the “two-fifths” adjustment are 
given in (3, Table F-2, col. 5]. (The “college 4 or more” 
index was corrected from 220 to 226 in the third print- 
ing.) The 0~7 years of education group was subdivided 
into three groups for the present note. 

® Most of the data are given in [4, p. 45]. Fuchs 
kindly provided information to divide his 5-8 years of 
education group into 5-7 and 8 year groups. I estimated 
the division of his 0-4 groups into two subgroups. 


means imply that earnings in the $25,000 
and over class averaged about $46,000 for all 
males, $43,000 for males other than college 
graduates, $49,000 for college graduates, and 
as much as $58,000 for college graduates 55 
to 64 years of age. 

In practice, almost the entire difference 
between the quality indexes in columns 2 and 
3 of Table 1 reflects Fuchs’ lower mean earn- 
ings in the two age-education cells in which 
earnings are highest: college graduates 45-54 
and 55—64 years of age.!° The Census Bureau 
procedure is generally regarded as prefer- 
able. The alternative is a short cut that al- 
most inevitably results in understatement of 
earnings differentials. 

3. Schwartzman uses hourly instead of 
annual nonfarm earnings. This substitution 
lowers the quality index by .08 percentage 
points in 1948-65 (Table 1, columns 3 and 4), 
or by 15 percent of the original rate. The re- 
duction reflects, to an unknown extent, in- 
corporation in the Fuchs hourly earnings 
estimates of an adjustment for weeks worked 
in 1959 as well as that for weekly hours. 

Appropriate treatment of hours of work is 
the most interesting topic raised by Schwartz- 
man’s comment. Average hours worked by 
the more educated exceed those worked by 
the less educated. If hours for each education 


1 Census data yield mean earnings of $13,388 for 
college graduates in the 45-54 age group and $13,212 
in the 55-64 group after “farmers and farm managers” 
and “farm laborers and foremen” are eliminated. 
Fuchs’ corresponding nonfarm means are only $12,107 
and $11,316. (Figures for high school graduates at these 
ages are similar.) Although Census nonfarm means can- 
not be recalculated with Fuchs’ midpoints from pub- 
lished data, the difference in midpoint obviously causes 
the discrepancy. Substitution of Fuchs’ midpoints 
would reduce the Census all-industry means for male 
college graduates in the 45-54 age group from $13,313 
to $11,901 and in the 55-64 group from $13,089 to 
$11,484. 

Fuchs’ nonfarm earnings figures differ from those I 
calculated from Census data in three additional re- 
spects. They are based on the .1 percent sample instead 
of the 5 percent sample. They exclude members of the 
experienced labor force who were not at work in the 
1960 Census week for which hours were obtained. They 
exclude from the all-industry aggregate persons in the 
“agriculture, forestry, and fisheries” industry division 
rather than “farmers and farm managers” and “farm 
laborers and foremen.” The net effect of these differences 
on the weights appears to be negligible. 
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group were stable over time, then average 
hours for the whole labor force would rise as 
the education distribution moved up. If one 
of the effects of additional education is to in- 
duce people to work longer hours, then to 
combine an educational quality index based 
on annual earnings differentials with an 
hours index based on average hours not 
standardized by level of education will, as 
Schwartzman argues, overstate the rise in 
labor input. Either the education index or 
the hours index should be reduced to avoid 
double counting, the choice depending in 
principle on where one wishes to classify the 
effect of education on hours. 
The latter was my preference; in Why 
Growth Rates Differ I stated: “Insofar as an 
increase in the education ‘of the labor force 
raises hours worked above what they would 
be otherwise, this is classified as an effect of 
increased education.” However, I did not 
actually adjust the hours index and therefore 
admitted that the total increase in the qual- 
ity of a year’s work was “slightly over- 
stated” (3, p. 85]. 
The reasons I did not adjust the quality 
index for hours were lack of relevant data 
` and my belief that an appropriate adjustment 
was small. An outer limit can be put on the 
size of such an adjustment by using Fuchs’ 
hours data to make a mechanical calcula- 
tion, paralleling that for education, of the 
effect of changes in the education distribu- 
tion on average hours worked; this requires 
an assumption that exclusion of farming 
from the hours data does not affect the re- 
sults. Such a calculation shows that average 
hours of the male labor force 18 and over 
would have increased .11 percent a year from 
1948 to 1965 if average hours worked at each 
education level had not changed." Suppose 
1 Hours were computed by dividing Fuchs’s annual 
earnings by his hourly earnings [4, pp. 40, 45, and 
unpublished data provided by Fuchs]. The weights (with 
hours worked by those with 8 years of education equal 
to'100) obtained by averaging percentages for the four 
age groups within the 25-64 range are: 0-4 years of 
‘education, 92.2; 5~7 years, 96.2; 8 years, 100.0; 9-11 
years, 103.5; 12 years, 107.3; 13-15 years, 107.4; 16 or 
more years, 110.2. These weights were applied to the 
same October 1948 and March 1965 distributions of the 
labor force by level of education that were used in con- 
\structing education quality indexes in Table 1. 





this figure were the same for 1950-62, the 
same for full-time as for all workers, and the 
same for full-time females (who receive only 
a small weight in any case) as for full-time 
males. This would mean that full-time hours 
of each sex standardized by education 
dropped at a rate .11 greater than the un- 
standardized data I used. With my allow- 
ances for a change in output per hour as 
hours change, the 1950-62 growth rate of my 
series representing the quality index for a 
year’s work as affected by hours would be 
reduced by about .07. The contribution to 
the growth rate made by the change in hours 
would be reduced by about .05 percentage 
points (from —.17 to —.22) as would the 
contribution of total labor input (from 1.12 
to 1.07). But .05 is too much and perhaps no 
better an estimate than .00. Fuchs’ hours 
differentials are too large for such an adjust- 
ment of the hours series for three reasons. 
First, farmers are excluded. Second, differ- 
ences not only in weekly hours but also in 
weeks worked during 1959 are reflected 
[4, p. 37], and changes in weeks worked are 
already measured in the employment com- 
ponent of labor input. Third, the cross- 
sectional relationship between education and 
hours may be due as much to concentration 
of highly educated workers in occupations 
in which customary hours (at least as re- 
ported) happen to be long as to any tendency 
for more education to induce longer hours. 

Schwartzman prefers to adjust the edu- 
cational quality index instead of the hours 
index. To do so, he substitutes differentials 
in hourly earnings for differentials in annual 
earnings in the construction of weights while 
retaining the two-fifths downward adjust- 
ment for factors other than education. As 
noted, this substitution (which also adjusts 
for the apparent bias due to differences in 
weeks worked) reduces the 1948-65 growth 
rate of the educational quality index by .08 
percentage points, implying a reduction of 
.05 in the contribution of changes in years of 
education. These numbers are too big insofar 
as hours and weeks worked differentials by 
educational level in the nonfarm economy 
exceed those in the whole civilian economy. 
They are also too big to fit into the structure 
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TABLE 2—PERCENTAGE DISTRIBUTIONS OF CIVILIAN EARNINGS BY SEx AND AGE 


19 and 
Under 20-24 
Total civilian earnings 
equal 100 percent 
Males 1.2 4.1 
Females 1.0 1.9 
Civilian earnings of each sex 
equal 100 percent 
Males 1.5 5.1 
Females 5.3 9.8 


of my estimates because their calculation 
assumes that output (and earnings) of those 
with long hours would be reduced propor- 
tionally if their hours were shorter, whereas 
my procedures imply a substantial pro- 
ductivity offset to differences in hours.™ 


Time Periods 


Of the difference between Schwartzman’s 
Stage I rate for 1940-60 and mine for 1950- 
62, about .15 percentage points are not due to 
his use of different earnings as weights. The 
effect of the difference in time periods cannot 
be calculated exactly but it may legitimately 
account for over half of this remaining dis- 
crepancy. Application of the weights based 
on Fuchs’ nonfarm hourly earnings to 
decennial Census data for the experienced 
civilian labor force (excluding emergency 
workers in 1940) yields a growth rate, .26, 
for both sexes combined from 1940 to 1960 
that is .09 points lower than the rate (which 
I take to be equal to the rate for both sexes 
combined in 1950-62) that is shown in Table 
1, column 4. This is so even though this 
1940-60 rate is overstated by exclusion of 
emergency workers in 1940. (Based on my 
weights, the rate for both sexes is .39 in 
1940-60 as against .52 in 1950-62; the re- 
duction is about one-fourth with each set of 
weights.) However, it should be noted that 


3 Schwartzman’s application of the same (two-fifths) 
proportional downward adjustment of differentials in 
hourly as in annual earnings may introduce a slight bias 
in the other direction; it is arguable that for consistency 
the downward adjustment should be a little bigger for 
hourly earnings. 


Age 


65 and 


25-34 35-44 45-54 55-64 Over Total 


these 1940-60 rates are computed from labor 
force distributions that come from a different 
source than the others, and include 14 to 17 
year olds. 


Labor Force Distributions 


My quality indexes are based on use for all 
dates of consistent distributions of the civil- 
ian labor force 18 years of age and over, by 
years of education, obtained from the house- 
hold surveys. Schwartzman presents de- 
cennial Census distributions in his Table 2 
that are not comparable in 1940 and 1960.4 
However, he informs me that these are not 
the distributions he used in his calculations; 
those he did use are even less comparable. 
For 1940 he added emergency workers 
(apparently his own estimates) to Census 
data for the employed and experienced un- 
employed in all industries; for 1960 he used a 
distribution, based on the 1 in 1,000 sample, 
that covered only employed workers in non- 
Jarm industries. This use of noncomparable 
data must have biased his indexes upward 
because both the unemployed and the farm 


u The title of the table erroneously describes the 
1940 data as referring to the experienced labor force and 
the 1960 data as referring to employed persons. Actually 
the 1960 distributions are for all experienced workers 
whereas the 1940 distributions cover only employed 
persons, exclusive of emergency workers as well as the 
unemployed. If, as his description on page 510 seems to 
imply, he had used these data, his statement that “the 
change in the definition of labor exaggerates the in- 
crease” in education would therefore be backwards. 
Also, in his 1960 columns, but not the 1940 columns, 
persons with 7 years of education are erroneously shown 
to have only 5 or 6 years. 
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labor force have below-average education. 
The effect on a comparison of our estimates 
was apparently more than offset by a differ- 
ence between our computation procedures. 


Computation Procedures 


Schwartzman criticizes me for not treating 
age groups separately in the computation of 
quality indexes. He asserts—on what evi- 
dence I do not know—that the “ . . . greatest 
increase in education has been among young 
persons.” That this, even if true, could have 
biased my series in Sources upward, as he 
states [5, p. 513], is hardly credible because 
in that study I completely omitted persons 
under 25 years of age from my distributions, 
but the procedural question is nevertheless 
worth examining. 

If necessary information were available, an 
education quality index for all civilians could 
best be obtained by 1) computing a separate 
quality index for each civilian age-sex group, 
using education weights appropriate for that 
group, and 2) computing a weighted average 
of these indexes, using total earnings of each 
group in a base period as weights.“ Such 
| age-sex weights are given in Table 2.15 The 
| procedure an investigator follows for a real 
| situation necessarily depends upon the data 

he can obtain, his evaluation of their ac- 
curacy, and his judgment as to the degree of 
‘refinement that is worthwhile given data 
\limitations. Evidently Schwartzman and 
it differ in our evaluations and judgments; he 
uses data I regard as worse than useless for 
the purpose at hand. 
| In Why Growth Rates Differ, I computed 
only two separate quality indexes, one for 
each sex. I omitted persons 14 to 17 years of 
age, whose share of employment far exceeds 

eir trivial earnings weight, from the labor 
in distributions. The same education 
weights were used for each sex. These were 
based only on earnings of males 25 to 64 be- 
cause I regarded data for other groups as 


h I assume here that, as in [3], the effect of changes in 
hours worked and age-sex composition have previously 
been measured separately. 

£ A six-way distribution (between sexes and among 
three age groups for each sex) for 1962 was carefully 
prepared for use in [3, Table 7-6]. The further break- 
down shown in Table 2 was less carefully prepared using 
pa data from Fuchs and the Census. 


\ 
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unusable; males 25 to 64 account for over 72 
percent of total civilian earnings and over 90 
percent of male earnings.“ Computed earn- 
ings for groups below 25 years of age at the 
Census date surely should not be used for 
education weights. Changes in individuals’ 
labor force status (including the crucial shift 
from holding a job, usually part-time, while 
in school to working after leaving school) 
and changes in educational attainment be- 
tween January of 1959 (the year to which 
earnings refer) and April 1960 (the date at 
which individuals were classified) make com- 
puted earnings differentials among education 
groups meaningless. Obstacles to an accurate 
adjustment to bring earnings into temporal 
conformity with labor force and educational 
status, let alone to estimation of “ability 
differentials” for age classes with many mem- 
bers in school, seem insurmountable. In 
addition, earnings of young workers rise very 
rapidly with age, and the only available data 
have far too wide age bands (14-19 and 20- 
24) to permit age standardization. Rapid 
labor force turnover and frequency of part 
time work also distort data for females 25 to 
64 and persons over 65 (for whom a too 
broad age range is an additional problem). 
Distortion is less than for the young, and 
special tabulations of Census data might pro- 
vide a basis for adjustment, but this has not 
been attempted. Female earnings patterns in 
Fuchs’ raw nonfarm data look odd, but in 
any case do not suggest that female earnings 
differentials by level of education in the 25— 
64 age range are systematically wider or nar- 
rower than male differentials. 


An unweighted average of percentages for the four 
age groups within the 25-64 range was used, as already 
noted. Alternatively, the percentages for each age group 
might have been weighted by its earnings, with the 
tunder 25” group’s weight assigned to the adjacent 
25-34 group and the “over 65” weight to the 55-64 
group. With male weights from Table 2 applied, this 
procedure yields education weights for males that differ 
from those given in Table 1, column 1, by more than 
one point only for those with 16+ years of education 
(178 as against 181), For females, the weights differ by 
more than one point only for those with 13 to 15 years 
(137 as against 139) and 16+ years (176 as against 
181). This refinement is scarcely warranted in view of 
the range of error in the data, including the “two- 
fifths” adjustment, but in any case would not change 
quality indexes noticeably. 
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A separate quality index for each age-sex 
group could, it is true, be calculated without 
additional earnings information, by use of 
education weights for each 10-year male age 
‘group within the 25-64 range for persons of 
each sex in that age group, the 25-34 weights 
for younger groups, and the 55—64 weights for 
older groups. These indexes could then be 
combined by earnings weights such as are 
given in Table 2.” My only objection to this 
procedure is that the task of estimation be- 
comes formidable if one must develop, for a 
number of dates, labor force distributions 
cross-classified not only by sex and by 
years and (as Stage IL of my procedure re- 
quires) days of education, but also by age. 

Although the Schwartzman procedure, 
used to compute a 1940-60 quality index, is 
much more detailed than mine (except for 
use of one education class less), I believe it is 
subject to much greater error. He initially 
computes: 


De naw; 
i 

» NyoWs 
i 


where nis the percentage of workers who are 
in each age-sex-education group # (starting 
with 14-19 age groups), w, is average hourly 
earnings of members of group i in 1959, t is 
the year 1960, and 0 is the year 1940.!8 This 
ratio is 1.049, representing a 4.9 percent in- 
crease from 1940 to 1960. The percentage re- 


17 Because education weights have least spread in the 
25-34 age group, and the under-35 groups to whom 
they would be applied have more weight in employ- 
ment than in earnings, quality indexes computed in 
Why Growth Rates Differ would tend to rise less (more) 
than indexes so constructed if education rose less (more) 
than average in the 18-35 age range. Changes in days 
as well as years of education must be considered to 
judge differential changes in education by age if one is 
interested in the direction of blas in my final series. My 
exclusion of persons under 18 from the labor force 
distributions greatly reduces any possible age bias. In 
Sources all persons under 25 were omitted so the bias 
was reversed—that is, an especially large increase in 
education among the young would bias my index down- 
ward. This is the opposite of Schwartzman’s supposi- 
tion. But it actually makes little difference whether one 
includes (and overweights) those 18 to 24 years of age 
or excludes them and thus gives them no weight at all. 

18 Schwartzman developed his own estimates of the 
distribution of the labor force in 1940. 


flects deterioration in age-sex composition of 
the labor force as well as the rise in education. 
By standardization, Schwartzman estimates 
the effect of this deterioration at 1.5 percent, 
adds this to the initial percentage, and ob- 
tains 6.4 percent as the change due to shift 
in educational composition. This is multi- 
plied by .6 with the intent of duplicating my 
two-fifths downward adjustment of earnings 
differentials.1* He thus obtains a Stage I 
educational quality index that rises about 4 
percent in 20 years, representing a growth 
rate of .20* From the comparisons already 
given, it is apparent that this is less than 
application of my procedure to the same dis- 
tributions of the labor force in 1940 and non- 
farm employment in 1960 would yield. 

My chief objection to Schwartzman’s 
procedure, as such, is his use of differentials 
based on calculated earnings for groups, 
especially those under 25 years of age, for 
which the data are meaningless. Some of his 
differentials imply that additional education 
actually reduces earnings. The effect of 
defective data is accentuated by Schwartz- 
man’s use as weights to combine age-sex 
groups not total earnings (employment x 
average hours x average hourly earnings) 
but the product of employment and average 
hourly earnings. Omission of hours causes 
too much weight to be attached to females 
(for whom quality indexes rise much less than 
for males), the elderly, and most of all to age 
groups dominated by students, and magni- 
fies the effect of bad data for these groups. 


Il. Attendance per Year 


The number of school days actually at- 
tended per school year has greatly increased. 
The biggest reason was a huge reduction in 
absenteeism. In addition, the scheduled 
school year increased in the country as a 
whole, though not in big cities. In 1900, when 


19 This is not exactly equivalent to adjustment of the 
earnings weights, but the difference may be unimportant 
in practice, 

2 Professor Schwartzman provided this explanation 
of bis procedure, which is not fully described in his note. 

2 In the 14-19 age bracket calculated hourly earnings 
of males with 8 years of school exceed those of males 
with 9-11 or 12 years, and in the 20-24 age bracket are 
less for college graduates than for those with 9-11, 12, 
or 13-15 years. These are only the most visible oddities 
in the numbers. 
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the average schedule in a sample of northern 
cities was 188 days, the national average 
was only 144 days. The figures converged as 
rural and town schedules were brought up to 
city standards and the population became 
urbanized (2, pp. 30-32], and [3, pp. 88-89]. 

Both Schwartzman and I infer the effects 
of changes in days of school attended per year 
of school upon the quality of labor from our 
estimates of the effects of changes in years of 
education. Schwartzman obtains a smaller 
estimate than I (.13 in 1940-60 as against 
my .23 in 1950-62) because his estimate of 
the effects of changes in years of school is 
much smaller. But this is not the only dif- 
ference between us. 

In Sources, I had assumed that a 1 percent 
increase in the average number of days rep- 
resented by a school year raised the quality 
of labor as much as a 1 percent increase in 
average years of education held by the labor 
force. Schwartzman cut this ratio by 30 
percent, commenting: 


Some of the additional time appears to 
be devoted to the study of the arts and 
humanities, which results in the cul- 
tivation of leisure skills rather than work 
skills, This is the principal reason for 
my decision to treat additional days per 
school year as equivalent to 70 percent 
of the same number of days in additional 
years. 


I do not find this reasoning persuasive. The 
causes of the increase in school days do not 
suggest it necessarily increased the propor- 
tion of time devoted to arts and humanities. 
Nor am I convinced that these subjects do 
less for “‘work skills” than others. (My pro- 
cedures simply assume that differences be- 
, tween dates in subjects studied have not been 
correlated with differences in economic value 
of different subjects [3, p. 98].) For quite 
different reasons, however, in Why Growth 
Rates Differ I cut the allowance for increased 
days by even more than the 30 percent that 
Schwartzman suggests—actually by about 
| half [3, pp. 381-83]. 


IL. Conclusion 


Schwartzman estimates that improvement 
iin the educational quality of labor was 56 
percent less than is shown in Why Growth 





Rates Differ. The small size of his estimate 
does not, as some have supposed, stem 
mainly from substitution of hourly for annual 
earnings as weights. This substitution would 
lower my estimate by less, I believe very 
much less, than 15 percent. Any such 
change would entail a corresponding change 
in the definition of the educational quality 
index. 

Three other changes in procedure that 
Schwartzman recommends might be con- 
sidered substantive. These are use of non- 
farm earnings as weights, his calculating 
procedure, and a 30 percent cut in the al- 
lowance for increased attendance. I have 
given reasons to reject all of these recom- 
mendations. 

Differences between our rates that stem 
from time-period differences and his choice of 
labor force distributions cast no doubt on 
my estimates. 

My educational quality indexes are crude; 
I do not wish to convey a different impres- 
sion. But the points raised by Schwartzman 
create no such range of uncertainty as his 
comment suggests. 
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2 I argued that the percentage reduction in the Stage 
I estimate would be much less than 15 percent. The per- 
centage reduction in the final estimate would be still 
smaller because I do not apply the “days” adjustment 
to persons with more than 12 years of school. 
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The Contribution of Education to the Quality 
of Labor: Reply 


By Davi ScHWaRTzMAN* 


I will discuss the sources of disagreement 
between Edward Denison’s estimate of the 
rate of improvement in the quality of labor 
between 1948 and 1965 and my own estimate 
for the period 1940 to 1960, which I applied 
to the period 1929 to 1963. 


I. Agricultural Earnings. 


The bias toward understatement in re- 
ported agricultural earnings may be offset by 
the other sources of error which Denison 
mentions. Denison’s footnote at this point, 
however, refers to another source of down- 
ward bias in agricultural earnings as a mea- 
measure of labor quality: the preference of 
agricultural labor for farm life and resulting 
immobility. Denison chooses to include the 
influence of immobility in the ‘ability’ ad- 
justment. The evidence relating to the con- 
tribution of ability to education earnings 
- differentials is sufficiently fragmentary to 
permit Denison to come to this decision. My 
own interpretation of the available evidence 
is that ascribing two-fifths of the educational 
differentials in earnings to ability alone does 
not overstate ability’s contribution ;! I would 
not include in the two-fifths the influence of 
other nonschooling variables. My method of 


* Professor of economics at the New School for 
Social Research. I am very grateful to Edward Dension 
for a discussion of the results which resulted in the 
present exchange and for comments on an earlier draft 
of this reply. 

1 I refer readers to Gary S. Becker [1, pp. 82-90] and 
Burton Weisbrod and Edward Karpoff [6, p. 495]. 
Weisbrod and Karpoff estimate that about one- 
quarter of education differentials in earnings of college 
graduates is due to nonschooling variables. Among all 
workers nonschooling variables, including ability, will 
be more important. Zvi Griliches, in an unpublished 
paper [4, pp. 34-36], suggests that estimates of income 
based on years of schooling are not improved by the 
addition of a variable representing ability because of 
high intercorrelation between ability and schooling. 
This observation does not challenge the correction for 
ability when what is wanted is an estimate of the im- 
provement in the quality of labor due to education. 


adjusting for agricultural immobility as well 
as for other sources of bias in agricultural 
earnings as reported is to use Victor Fuchs’ 
estimates of educational earnings differen- 
tials based on a sample which excludes 
agricultural workers. 


II. Midpoints of Open-Ended Classes 


The choice of a uniform midpoint for the 
open-ended $25,000 and over class is de- 
fensible for the purpose of measuring the 
change in the quality of labor. Denison uses 
the Census’s interpolated means based on 
Pareto curves fitted to the upper income 
range, which results in a larger estimated 
education differential, These interpolated 
means are acceptable for the Census’s pur- 
pose, the estimation of the aggregate mean 
earnings; the Pareto curves correctly de- 
scribe the distribution of earnings. But our 
purpose is to estimate education’s contribu- 
tion to the growth of labor quality, not ag- 
gregate mean earnings. The theories to ex- 
plain the Pareto-distribution generally stress 
random elements, especially in relation to the 
upper end. If these theories are correct, ran- 
dom elements are chiefly responsible for 
differences in income in the upper range. A 
large part of the difference in earnings be- 
tween college graduates in the upper end of 
the distribution and others in the labor force 
will be due to random elements. Denison 
estimates the part of the earnings of college 
graduates in the open-ended class which is 
due to schooling as the difference between 
the interpolated mean earnings and that of 
noncollege graduates within the same income 
class. Although the procedure may appear to 
be reasonable, the random element in the 
education differential at a high level of in- 
come is likely to be large; part of the dif- 
ference between the mean earnings of college 
and noncollege graduates earning over 
$25,000 is due to random elements. Some 
allowance should have been made for differ- 
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ences in education in the upper range of 
earnings. But a uniform midpoint is prefer- 
able to the Pareto-based midpoints which 
yield estimates that ascribe random ele- 
ments in income differentials to education. 


TII. Hourly versus Annual Earnings 


Denison’s measure of the quality of labor 
is based on annual earnings; I have used 
Fuchs’ index of average hourly earnings. The 
purpose is to estimate the contribution of 
education to the change in the quality of 
labor rather than to its quantity, and the use 
of hourly earnings is in line with this purpose. 
The effect of education on hours and weeks 
worked is an effect on quantity. 

Denison has two objections to the hourly 
earnings index of quality. The first is that 
education differentials in hours and weeks 
worked in nonagricultural industries exceed 
those in agriculture. The education differ- 
entials in hourly earnings in nonagricultural 
industries therefore result in an understate- 
ment of education’s contribution to the. 
quality of labor in the entire economy. I 
agree that there may be a bias in my estimate 
as a result. This problem, however, is part of 
the general problem of the treatment of 
agricultural workers, which has been dis- 
cussed. Uneducated agricultural workers’ 
hourly earnings may be much lower than 
educated agricultural workers’ hourly earn- 
ings because they are less mobile as well as 
less well educated. 

Second, Denison objects that I assume 
that the output of workers who work long 


hours would be reduced proportionally by a 


: reduction in hours. Productivity, of course, 
;, may have improved with the decline in hours 
i among workers whose hours were very long. 
| My assumption, however, is that the actual 
| reduction in average weekly hours in the 
United States between 1929 and 1963 did not 
bring about a significant improvement in 
jhourly productivity in the economy as a 
twhole. Average weekly hours declined from 
‘50 hours to 40 hours, and Irving Leveson’s 
{3} examination of the BLS study on 
fatigue suggests that in most industries pro- 
uctivity does not change with hours over 
this range. 
I turn now to the age-sex composition of 


| 
| 


the sample, the difference in time. periods, 
and the treatment of days of schooling per 
year. 


Age-Sex Composition of the Sample 


Denison has estimated that the differences 
just discussed account for .17 percentage 
points in the difference, .32 percentage 
points, between his and my Stage I esti- 
mates. Denison estimates that the dif- 
ference in time periods is responsible for over 
half the remaining difference. More pre- 
cisely the time-period difference exceeds .09 
percentage points. The reason the estimate 
cannot be stated even more precisely is the 
exclusion of emergency workers from the 
1940 data, to which Denison refers. We are 
left with a difference in Stage I estimates 
which is less than .06 percentage points. 

Denison rejects the use of earnings data 
for age groups under 25 years to measure the 
effect of education on quality within these 
groups. The quality of data, in his view, is 
inadequate. Some of his criticisms apply 
more to annual earnings data than to hourly 
earnings data, which is what I have used. 
Further, the criticisms apply especially to 
data for the group under 19 years, but Deni- 
son has excluded all persons under 25 years. 
In addition, the- exclusion of females from 
the sample seems to be even less justified. 
In any case, the error resulting from the use 
of earnings of males between the ages of 25 
and 64 to estimate the quality of labor 
among females and among males under 25 
years associated with years of schooling may 
exceed the error from the use of data referring 
to these groups. Denison nevertheless says 
that his chief objection to my procedure is 
the use of differentials based on earnings for 
groups, ‘especially those under 25 years of 
age, for which the data are meaningless.’ 
He may be right: my estimate may on this 
account err more than his. But whatever 
the error is, it is responsible for less than .06 
percentage points. 


Time Periods 


I have discussed all of the sources of dis- 
agreement between Denison’s and my own 
Stage I estimates, except the difference in 
time periods. The difference, I have noted, 
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accounts for more than .09 percentage points 
of the total difference between the two esti- 
mates, .32. My data were for the years 1940 
and 1960; I projected the estimated rate of 
change to the period 1929 to 1963, assuming 
no change in the rate over the whole period. 
Denison’s estimate for 1948 to 1965 is based 
on data describing the educational levels in 
the two terminal years. Part of the difference 
between Denison’s estimate and my own 
thus evidently is the result of acceleration 
in the rate of increase of the educational 
level. The difference in time periods thus is 
an element in the disagreement, and it is not 
a matter of indifference which years are used 
to estimate the growth rate of the quality of 
labor. 


Days of Schooling per Year 


The difference between the Stage IT esti- 
mates is the result of the difference in Stage 
I estimates, already discussed, plus a differ- 
ence in the estimates of the effect of days of 
schooling per year. The difference between 
Denison’s and my estimates of the benefit 
from additional days per year reflects the 
difference in estimates of the benefit from a 
year of schooling; the difference in the earn- 
ings weights which produced the Stage I 
difference also is responsible for a large part 
of the difference in the estimated benefit 
from additional days per year. Further, the 
importance of the decision concerning the 
value to be placed on additional days de- 
pends on the estimated gain from a year of 
education. Because Denison’s estimate of the 
improvement in quality resulting from an 
additional year exceeds my own, the choice 
between 100 percent (Sources), 70 percent 
(my own), or half (Why Growth Rates 
Differ) is more important for his result 
than for my own. If I were to adopt 50 per- 
cent instead of 70 percent, my estimate of 
the improvement from education, of course, 
would be reduced but not sufficiently to 
change the published estimate of .3 percent 
per year. 


IV. Conclusion 


Denison’s Comment has been very useful 
in helping to find the procedural sources of 
difference between the estimates of the aver- 
age rates of change in the quality of labor 


due to education. His comparison of the re- 
sults of the 1948-65 measurements using 
different sources of data, samples, and pro- 
cedures (Table 1) is especially valuable. 

Before closing, I want to make three points 
about the disagreement concerning educa- 
tion’s contribution to the quality of labor. 
In Sources, Denison estimated that between 
1929 and 1957 the quality of labor improved 
at an average annual rate of .9 percent [2, p. 
73]. His subsequent revision of the estimated 
improvement due to additional days per 
year reduces this estimate by .3 to .6. My 
own estimate for 1929 to 1963 is .3 per cent 
per year. A substantial difference remains in 
the estimates of education’s contribution for 
a period beginning in 1929 and ending in the 
vicinity of 1960. Second, Denison’s estimate 
for 1948 to 1965 exceeds my own for 1940 to 
1960 by approximately .1 owing to the dif- 
ference in time periods: between these two 
periods the rate of increase in quality due to 
education gained by that much. Denison’s 
estimate for 1929-1957 compared to his esti- 
mate for 1948-1965 also indicates accelera- 
tion. Third, my assumption of constancy in 
the rate of improvement of the quality of 
labor tended to exaggerate education’s con- 
tribution over the period 1929 to 1963 in 
view of the acceleration just noted. 
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Economies as an Antitrust Defense: Comment 


By MICHAEL E. DEPRANO AND JEFFREY B. NUGENT* 


The approach used by Oliver Williamson 
in the March 1968 issue of this Review [10], 
to estimate the net welfare effects of cost- 
reducing business mergers, provides an in- 
teresting basis upon which to challenge his 
conclusions and those of others who have 
suggested that mergers are often beneficial. 
Williamson calculates that “... a relatively 
large percentage increase in price is usually 
required to offset the benefits that result 
from a 5 to 10 percent reduction in average 
costs...” and therefore concludes that 

. the existence of economies of this mag- 
nitude is sufficiently important to give the 
antitrust authorities pause before disallow- 
ing such a merger.” [10, p. 34] In this paper, 
Williamson’s apparatus is modified and cor- 
rected, and very different conclusions are 
reached. 

Williamson’s effort follows upon a series 
of studies dating from the intriguing article 
by Arnold Harberger in this Review [2] and 
including contributions by David Schwartz- 
man [7], [8], Harvey Leibenstein [4], C. E. 
Ferguson [1] and others which attempt to 
demonstrate theroretically and empirically 
that monopoly does not significantly mis- 
\allocate resources or lower welfare. The em- 
pirical demonstrations have been criticized 
by George Stigler [9], Ruth Mack [5], and 
others. The recent recalculation of the wel- 
fare cost of monopoly power by David 
Kamerschen [3] indicates that the welfare 
cost of monopoly power and of mergers may 
have been substantially underestimated in 
the earlier studies. Further reflection sup- 
ports these criticisms and questions the 
general adequacy of the approach as applied 
in the recent defenses of monopoly and mer- 
gers. A brief investigation of Williamson’s 
work leads us to the view that monopoly- 
creating mergers are likely to impose ex- 


* The authors are associate professor, University of 
Southern California and associate professor, University 
of Southern California and research associate, Economic 
Growth Center, Yale University, respectively. 
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tremely serious welfare losses, even in the 
face of substantial cost reductions. 

The relationship between cost reductions 
and price is investigated in Section I and the 
treatment of pre-merger market power in 
Section II. Section III contains some com- 
ments concerning the effect of mergers on 
demand elasticity and income distribution 
as well as our conclusions. 


I. Net Welfare Effects and Price-Cost 
Relationships 


The Williamson approach follows earlier 
work in comparing the “dead-weight” loss 
(decreases in consumer surplus through 
mergers, which are not gained by the pro- 
ducers) to the gains to society (or, more pro- 
perly, to the producers) of any cost reduc- 
tions resulting from the merger. 

Figure 1 is a reproduction of Williamson’s 
diagram. In it, dead-weight loss is approxi- 
mated by APAQ and the cost saving is 
Qı (AAC). If Qi (AAC) >4APAQ, there will 
be a net welfare gain. Williamson rewrites 


this as: 
(1) AAC k (=)> 0 
ac 9 NP 






Aa: Dead-Weight 
Loss 


Aa: 
Cost 
Saving 
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where 7 is the absolute value of the elasticity 
of demand and & is “an index of pre-merger 
market power” and equals P,/AC}. His dis- 
cussion gives the impression that AC and P 
in equation (1) have the subscript 1—the 
pre-merger price and average cost—and that 
his measure of elasticity is (AQ/AP) (P1/Q3). 
Inequality (1) indicates “...that if the 
decimal fraction reduction in average costs 
exceeds the square of the decimal fraction in- 
crease in price multiplied by one-half & times 
the elasticity of demand, the allocative effect 
of the merger is positive” [10, p. 22]. So, for 
example, with a 10 percent increase in price 
after the merger, a cost reduction of more 
than one percent will lead to increases in 
welfare, if the elasticity of demand is 2. A 
cost reduction of only one-half of one percent 
would be sufficient to neutralize the impact 
of such a price increase if the elasticity of 
demand is 1. 

Williamson’s calculations of the price and 
cost changes which would leave welfare un- 
changed are correct if k=1, i.e., Py=AC}. 
What Williamson fails to realize is that the 
cost reductions which he considers would 
probably be associated with much larger 
price increases than those which he indicated 
can easily be offset! Costs and prices are 
obviously not independent of each other. In 
the case of mergers leading to monopoly, for 
example, cost reductions on the order of 1, 5, 
or 10 percent would be associated with price 
increases many times greater than those whose 
‘negative effects would be overcome by the 
cost reductions. 

The horizontal average cost curve used by 
Williamson (and also Harberger [2], Schwartz- 
man [7], [8], Leibenstein [4], and others) 
would indicate constant long-run costs, and 
the interesting comparisons are, of course, 
between long-run equilibrium positions. In 
this case, then, MC=AC. For a monopoly 
which is not constrained from seeking its 
best profits, MC=MR. However, as Joan 
Robinson [6] has shown, 


1 The case of Pi>AC, is discussed in Section M. 
Williamson has made a serious error in his discussion 
of the case in which some monopoly power exists prior 
to merger. 








pea (UR 
7—1 
Therefore, 
Pi = (AC)). 
3- 
If 
Pi = AC; 
then 
P, q AC: 
By 1—1 AC, 


Converting this expression into one in terms 
of percentage changes in order to compare it 
with expression (1) (which is Williamson’s 
measure of the welfare tradeoff relationships 
between price and cost changes), we obtain 


(= ) 
1-74 
AP AC; 
Pı 
Assume for a moment 7 equals 2 (which 
Williamson suggests ‘‘. . . is probably a rea- 
sonable upper bound”). It is correct that a 
one percent decrease in costs is sufficient to 
offset the welfare effects of a 10 percent 
increase in prices, as equation (1) shows. 
However, equation (2) indicates that a mo- 
nopoly-creating merger which brought a one 
percent cost reduction would lead to a price 
increase of 98 percent. Likewise, a 9 percent 
cost reduction can offset welfare effects of a 





(2) 


n—1 


2 For a demand curve which does not have a constant 
elasticity, this elasticity measure and Williamson’s are 
not quite the same. His original measure from (1) above 
is (AQ/AP) (P:/Q:), an approximation to the elasticity 
between the old and new points on the demand curve 
and his recent modification of that measure, given by 
his equation (3’) in [11], is the elasticity at the old point. 
Although in our present discussion we shall refer only to 
Williamson’s original formulation, none of our con- 
clusions would be affected if we used his modified for- 
mula instead. His original measure and ours can be 
made comparable in several ways. One simple way 
would be to replace n(AP/P} in (1) with m(AP/P,) 
(AP/Ps), where m is the elasticity at the new point. 
This would show that the different elasticity measures 
do not seriously affect our conclusions. In these equa- 
tions y is the absolute value of the elasticity. 
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TABLE 1—RELATIONSHIP BETWEEN 
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Cost REDUCTIONS AND Price IncrEAsEs* 


Elasticity of Demand 
Percentage 
Cost 2 1.5 1.1 
Reduction Percentage Price Increase 
B c 

.12 3.4 99.76 3.92 199.6 6.18 998,75 
.25 5.0 99.50 5.76 199.2 9.09 997.25 
50 7.0 99.00 8.07 198.5 12.72 994.50 
1.00 10.0 98.00 11.53 197.0 18.18 989.00 
2.00 14.14 96.00 16.30 194.0 25,21 978.00 
3.00 17.32 94.00 19.97 191.0 31,49 967.00 
4,00 20.00 92.00 23.00 188.0 36.36 956.00 
5.00 22.36 90.00 25.78 185.0 40.65 945,00 
10.00 31.62 80.00 36.48 170.0 57.48 890.00 
20.00 44,27 60.00 51.04 140.0 80.48 780.00 
30.00 54.76 40.00 63.14 110.0 99.55 670.00 
40.00 63.24 20.00 72.92 80.0 114.97 560.00 
50.00 70.71 0.00 81.53 50.0 128.55 450.00 
60.00 77.45  —20.00 89.30 20.0 140.80 340.00 
70.00 83.66 —40.00 96.46 —10.0 152.09 230.00 
80.00 89.44 —60.00 103.12 —40.0 162.60 120.00 


® Column (A): Cost reductions 


cost reductions 


30 percent increase in prices, but if costs fall 
by 9 percent, prices would increase by 82 
percent. The related cost decreases and price 
increases forthcoming from such mergers, 
therefore, would normally give very strong 
| negative welfare effects. 
| At smaller levels of elasticity, it is correct 
' that even smaller cost reductions are required 
i to offset the welfare effects of a given price 
| increase. However, lower elasticities would 
lead to even higher price increases for any 
given cost reduction resulting from a mer- 
pera Table 1, Column A, lists various cost 
reductions assumed to result from merger 
and Columns C list the price increases which 
would be brought about by the same mo- 
nopoly-creating merger, for various elastici- 
ties. The B Columns give the percentage 
changes in prices which could be offset by 
the corresponding cost reductions in Column 
A for various elasticities. For example, an 


3 Of course, a monopoly firm would operate in an area 
where the absolute value of y is greater than 1. 
| 


I 
| 
f 
1 


Column (B): Price increases whose welfare effects could be offset by the cost reductions 
Column (C): Price increases that would result from monopolization with the given 


elasticity of 1.1, according to Williamson’s 
equation (1), would indicate that a cost re- 
duction of .50 percent would be sufficient to 
eliminate the negative effects of a 12.72 per- 
cent price increase. Equation (2) shows that 
a .50 percent cost reduction at that elasticity 
would be associated with approximately a 
10-fold increase in price after the merger. A 
comparison of Columns B and C shows that 
only very large cost reductions would be 
sufficient to offset the price rise that would 
accompany monopolization of the industry. 
When the demand elasticity is 2, the cost 
reduction must be over 20 percent; with an 
elasticity of 1.5, the cost reduction would 
have to be over 40 percent; and at an elas- 
ticity of 1.1, a cost reduction greater than 70 
percent is necessary! 

Of course, mergers need not lead to mo- 
nopoly. For mergers which gain less than 
monopoly power, the price rise would be 
lower than that indicated by equation (2), 
but it is also unlikely in our economy that the 
demand elasticity would be as high as 2. 
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FIGURE 2 


With lower elasticities, even small degrees 
of post-merger market power would be likely 
to bring price increases considerably higher 
than could be overcome by cost reductions. 
Equation (1) shows that the cost reductions, 
which are needed to offset the welfare effects 
of a given price increase, fall in a constant 
proportion to decreases in elasticity. Equa- 
tion (2) indicates that price increases asso- 
ciated with a given cost reduction rise geo- 
metrically as elasticities are reduced. With 
low elasticities even a very minor merger 
would need unrealistically large cost reduc- 
tions to avoid negative welfare effects! 


Il. Pre-Merger Market Power 


If some degree of market power exists 
before the merger, then a given post-merger 
firm size would have less effect on price than 
if pure competition prevailed previously. 
However, the relation between the price rise 
and cost reduction necessary to bring wel- 
fare gains is seriously understated by the 
Williamson formulation, equation (1). Wil- 
liamson recognizes the possible existence of 
pre-merger market power by introducing 
“R” as an index of such power. When an in- 
dustry is purely competitive, in long-run 
equilibrium, P= AC, and k=1, but William- 
son uses & only for mathematical purposes to 
reduce his equation to the simple form given 
by (1). He overlooks the fact that the exis- 
tence of pre-merger market power will call 


for a revision of his original formula: Q;,(AAC) 
>4APAQ. 

Consider Figure 2. The total returns to 
society of the pre-merger output (Q;) is the 
total area above AC, i.e., the consumer 
surplus plus areas A; and As. To confirm 
this, compare the relationships of some pre- 
merger market power to monopoly in Figure 
2, and of pure competition to monopoly in 
Figure 1. In Figure 2, the areas A1, Az, and 
Ag, taken together represent the dead-weight 
loss that was represented by A; in Figure 1. 
If pure competition prevails before merger, 
the monopoly—creating merger would involve 
a welfare loss of Ax, As, and Ay, but a gain of 
Ag. If pre-merger market power had existed 
before the merger, then this would have 
eliminated 44, and only Ay, from total wel- 
fare. Therefore, A, and A, are both elimi- 
nated by a merger when market power exists 
before the merger. Williamson confuses A; 
in Figure 1 with A; in Figure 2, and so treats 
only A; in Figure 2 as lost. Correctly for- 
mulated, the condition for a net welfare gain 
should be (AAC)Q:>4APAQ+(Pi-AC)AQ, 
which can be rewritten: 


(3) ae (FS) +6 1) 2- 
aG 2 NP 1p 





Because inequality (3) includes a (posi- 
tive) term that was not contained in (1), it 
might appear that the merger would bring’ 
about a larger loss in welfare if market power, 
instead of perfect competition, existed be- 
fore the merger. That this is incorrect can be 
seen by noting that the term 4APAQ which, 
in the case of pure competition, would in- 
clude 4;, As and Ay, includes only A; in the 
case of pre-merger market power. If com- 
petition prevailed before the merger, the 
term (P;-AC,)AQ would not be needed, but 
APAQ would measure a much larger area: 
the sum of A, As, and Ay. 

Williamson’s neglect of A; in his formula- 
tion leads to a serious understatement of the 
cost reductions needed to offset the welfare 
effects of price increases in the presence of 
pre-merger market power. The extent to 
which Williamson understates the cost re- 
ductions necessary to offset the price in- 
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TABLE 2—Prrcentace Cost REDUCTIONS [(AAC/AC) X100] Surricmznr TO OFFSET 
PERCENTAGE PRICE Increases (AP/P)100 yor SELECTED VALUES 
OF n AND À Usine WiLtamson Formuta (1). 





creases can be determined by comparing 
Tables 2 and 3. Both tables present required 
cost reductions for k=1.1 and k=1.5. How- 
ever, Table 2 is based on Williamson’s for- 
mulation, equation (1) above, while Table 
3 is based on the correct formulation, ex- 
pression (3). Note that the results using 
Williamson’s formulation are very similar to 
those of his Table 1 [10, p. 23], whereas those 
of Table 3 are significantly higher. For ex- 
ample, when k=1.5 and »=2.0, Wiliam- 
son’s formula indicates that the welfare ef- 
fects of a 10 percent price increase can be 
offset with a 1.5 percent cost reduction. 
Equation (3) indicates that an 11.5 percent 
cost reduction would be needed! Since anti- 
trust authorities usually direct their atten- 
tion to mergers of firms which already have 
significant market shares, Williamson’s gross 
understatement of the cost reductions neces- 
sary to offset price increases when k>1 is an 
important error. 


kd 


(AP/P)X100 





If equation (2) in Section I were revised 
to incorporate Pi>AC,, (A>1), it would 
show, as one might expect, that with the 
existence of pre-merger market power, a 
given cost reduction leads to smaller price 
rises than when there is pure competition 
before the merger. On the other hand, equa- 
tion (3) and Table 3 show that the larger & 
is, the smaller is the price rise whose effects 
can be overcome with a given cost reduction. 
Tables similar to Table 1 could be construc- 
ted to indicate the specific cost reduction 
necessary for a monopoly-creating merger 
to bring net welfare benefits in cases in which 
k is greater than unity. Such calculations 
would, of course, show that the greater the 
value of k, the smaller the cost reductions 
required to bring net welfare gains. Never- 
theless, for the levels of k and n which are 
normally found in our economy, very large 
cost reductions would be necessary. Cer- 
tainly, the 5-10 percent indicated by Wil- 


TABLE 3—PERCENTAGE Cost REDUCTIONS [A(AC/AC)X100] SUFFICIENT To OFFSET 
PERCENTAGE PRICE INCREASES (AP/P)X100 yor SELECTED VALUES 
OF 4 AND & Ustno CorrEcT FORMULA (3). 
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liamson as calling for “pause” on the part of 


antitrust authorities is far from what is 
indicated here. The kinds of cost reductions 
our calculations suggest as needed are of a 
size that mergers are extremely unlikely to 
bring. If such economies exist, the industry 
involved would likely be a “natural mo- 
nopoly” and already regulated as such. 


Ill. Other Considerations and 
Conclusion 


The previous sections followed Williamson 
in using an elasticity of given value. How- 
ever, most demand curves are likely to have 
different elasticities at different prices—gen- 
erally higher elasticities at higher prices. 
Therefore, if a merger does not shift the 
demand curve, (through advertising, etc.) 
but simply moves along the curve to a higher 
price, the elasticity of demand with respect 
to price would normally rise. Revising 
Williamson’s formula slightly to include the 
impact of the merger in raising the demand 
elasticity, one would find that greater cost 
reductions are needed to offset the effects of 
given price rises. However, for reasonable 
values of k, and n, these differences are not 
as striking as those presented in Sections I 
and II, and therefore will not be presented 
here. 

Finally, the treatment by Williamson 
(and others who have defended mergers) of 
the income redistribution effects of mergers 
calls for a brief comment. Indeed, Williamson 
recognized their importance by suggesting 
that his formulation, (1) could be weighted 
to take into consideration any income dis- 
tribution effects, and concedes “‘... attach- 
ing even a slight weight to income distribu- 
tion effects can sometimes influence the over- 
all valuation significantly.” [10, p. 28] How- 
ever, he prefers that antitrust authorities 
concern themselves with the “allocation” 
problem instead of dealing with income dis- 
tribution objectives. He argues that since 
“,.. antitrust is an activity better suited 
to promote allocative efficiency than income 
distribution objectives (the latter falling 
more clearly within the province of taxation, 
expenditure, and transfer payment activi- 
ties), such income distribution adjustments 


might routinely be suppressed.” [10, p. 28]. 
Williamson (and others who take this posi- 
tion) overlook the fact that income distribu- 
tion is, itself, a very crucial part of the allo- 
cative process. The tax or the transfer ac- 
tivities which would seek to mitigate or 
compensate for the effects of mergers on 
income distribution would also lessen income 
differentials which bring about desirable 
allocations of resources! Taking monopoly 
gains from producers and giving them back 
to consumers is quite a different story than 
cutting the incomes of producers who are 
making their gains by producing items of 
extreme scarcity. The high incomes of the 
latter are inducements to greater production 
of things society values highly. The monopoly 
gains are from contrived scarcities. This is 
not to suggest that the goal of equity in in- 
come distribution in and of itself is neces- 
sarily poor economics. Still, it must be rec- 
ognized that when one wishes to redistrib- 
ute high incomes which are themselves the 
result of production of those goods which 
society values highly, a definite choice be- 
tween the goals of equity and efficiency must 
be made. The elimination of income differ- 
ences resulting from market power brings 
no such unhappy choice. Lessening market 
power both lessens income inequities related 
to the market power and, under most of the 
conditions likely to exist in our economy, 
increases allocative efficiency. The use of 
tax, expenditure, and transfer activities to 
eliminate income differentials cannot easily 
be made to discriminate between the income 
differentials created by market power and 
those contributing toward greater allocative 
efficiency. If those caused by market power 
could be eliminated, of course, a society 
might still rationally decide to sacrifice some 
allocative efficiency to gain more equitable 
income distributions. 

Williamson’s paper, therefore, has pro- 
vided us with an excellent vehicle to draw 
conclusions widely at variance with his. Ra- 
ther than suggest “pause” on the part of 
antitrust authorities, even in the face of 
prospective cost reductions, our comments 
suggest that the required cost reductions 
would have to be so large that they are very 
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unlikely to be forthcoming. Rather than 
concerning themselves with what would 
seem to be a rare occasion in which a cost- 
reducing merger might increase producers’ 
welfare more than consumers’ loss, it would 
seem that more rigorous activity on the part 
of antitrust authorities would be likely to 
serve both the goal of increasing net eco- 
nomic welfare, and that of equity in income 
distribution. However, if the antitrust au- 
thorities insist on pursuing investigations 
similar to those proposed by Williamson, it 
would seem imperative, at the very least, 
that they use the correct formula! 


REFERENCES 


1. C. E. Frrcuson, A Macroeconomic 
Theory of Workable Competition, Dur- 
ham, N. C., 1964. 

2. A. C. HARBERGER, “Monopoly and Re- 
source Allocation,” Amer. Econ. Rev., 
Proc., May 1954, 44, 77-87. 

3. D. R. Kamerscuen, “An Estimation of 
the Welfare Losses from Monopoly in 





10. 


11. 


953 


the American Economy,” Western Econ. 
J., summer 1966, 4, 221-36. 


. H. Lewenstem, “Allocative Efficiency 


versus X-Efficiency,” Amer. Econ. Rev., 
June 1966, 56, 392-415. 


. R. P. Mack, “Discussion,” Amer. Econ. 


Rev., Proc., May 1954, 44, 88-89. 


. J. Ropinson, The Economics of Imper- 


fect Competition, London 1933. 


. D. SCHWARTZMAN, “The Effect of Mo- 


nopoly on Price,” J. Polit. Econ., Aug. 
1959, 67, 352-62. 

, “The Burden of Monopoly,” J. 
Polit. Econ., Dec. 1960, 68, 627-30. 





. G. STIGLER, “The Statistics of Monopoly 


and Merger,” J. Polit. Econ., Feb. 1956, 
64, 33-40. 

O. E. Writiamson, “Economies as an 
Antitrust Defense: The Welfare Trade- 
offs,” Amer. Econ. Rev., Mar. 1968, 58, 
18-36. 





, “Economies as an Antitrust 
Defense: Correction and Reply,” Amer. 
Econ. Rev., Dec. 1968, 58, 1372-76. 


954 THE AMERICAN ECONOMIC REVIEW 


Economies as an Antitrust Defense: Reply 


By OLIVER E. WILLIAMSON* 


The Comment by Michael DePrano and 
Jeffrey Nugent is in three parts. I conclude 
with respect to the first part that the pricing 
formula which they employ is operationally 
irrelevant and that this section (text, tables, 
formula) can be disregarded altogether. Sec- 
tion IT of their Comment identifies an omis- 
sion in my original treatment of the tradeoff 
issue that properly deserves to be corrected. 
Not content to make the correction, how- 
ever, they go on vastly to exaggerate its 
significance by their assignment of parameter 
values. After providing an alternative deri- 
vation of the correction, I show that, the 
original argument is not upset if parameter 
values in the relevant range are selected. 

The third part of their Comment is mainly 
concerned with the income distribution issue. 
I had originally planned to respond to this 
part also, but the obscurity of the discussion 
has dissuaded me. (Consider the following: 
“Taking monopoly gains from producers and 
giving them back to producers is quite a 
different story than cutting the incomes of 
producers who are making their gains by 
producing items of extreme scarcity.” [4, p. 
952]) I merely point out that, although con- 
cern over distributional effects is entirely 
legitimate, to rely on the antitrust agencies 
and the courts to implement such a program 
encounters formidable problems; and to ex- 
press a preference for taxes, transfers, and 
expenditure programs to remedy distribu- 
tional questions obviously does not imply 
that any of these activities is free from side 
effects (it only reflects a judgment of net 
consequences) I have discussed both of these 
matters elsewhere [16].! 


I. The Price-M aking Process 
Recall that I postulated a merger that 
simultaneously had cost reducing and market 


* University of Pennsylvania. 

1 For an interesting study in contrast to the DePrano- 
Nugent view on cost saving monopolies, see [5, pp. 
5 


62-68]. 


power consequences [14]. DePrano and 
Nugent accept the cost reduction condition 
and take as their standard for the creation 
of market power the transformation of a 
previously competitive industry into a 
thoroughly monopolistic one.? This is some- 
what extreme and scarcely implied by my 
argument, but let us play the game their 
way. 

They then inform us that monopolies set 
price according to the formula that P = MC/ 
[1-(1/n)], and go on to display their equation 
(2) which shows a “causal” association be- 
tween price increases and cost reductions. 
While I concede that a not uncommon in- 
troduction to the concept of monopoly pric- 
ing often begins with the conventional for- 
mula noted above, most such discussions, 
unlike DePrano and Nugent’s, go on to 
consider the limitations of this formula— 
which most students of industrial organiza- 
tion would regard as substantial. The reason, 
of course, is that for the formula to have 
significance requires that the monopoly be 
free from the threat of entry. Otherwise the 
monopolist will price with a view to the effect 
that his margins will have on entry. 

The argument is hardly novel. Numbered 
among its early expositors are Alfred Mar- 
shall [6, pp. 269-80] and J. B. Clark [2, pp. 
25-30]. More recent contributors include 
Tibor Scitovsky [9, pp. 22-23], Joe Bain 
[1], Sylos Labini [10], and Franco Modigliani 
[7]. Scitovsky expresses it as follows: “The 
individual price maker has to meet two forms 
of competition: the actual competition of his 
established rivals and the threat of com- 
petition from newcomers to his market.... 
Of the two... the threat from newcomers 
and restraints on their entry to the market 


2 Their qualification that “Of course, mergers need 
not lead to monopoly” [4, p. 949] is not very useful since 
they give no specific indication of how significantly 
their previous results would be altered. They leave the 
impression, however, that the basic argument is not, in 
any essential respect, greatly affected. 
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are by far the more important from the price 
maker’s point of view.” [9, pp. 22-23]. De 
Prano and Nugent, nevertheless choose to 
disregard the entry question. 

As indicated above, I regard the standard 
that a cost saving merger transforms an 
industry from competitive to monopolistic 
structure as implausible. The unexpressed 
but crucial assumption that entry is simul- 
taneously barred does not even meet this 
criterion. Combining such assumptions 
predictably yields absurd results—as is evi- 
denced by such statements as “equation (2) 
indicates that a monopoly-creating merger 
which brought a 1 percent cost reduction 
would lead to a price increase of 98 percent!” 
[4, p. 949]. 

Consider instead the following description 
of the price-making process. Firms A and B 
actively compete for a common group of 
customers but (say by reason of spatial sepa- 
ration) are partially insulated from other 
firms in the industry. Assume that collusion 
is illegal (or in any case is difficult to sustain) 
and that, lacking a “justification” for mer- 
ger, the two firms are prohibited from com- 
bining. Although recognized interdependence 
will tend to attenuate aggressive rivalry, 
residual competition between them can 
nevertheless be expected. Prices will there- 
fore remain below joint profit maximizing 
levels. Now, however, suppose that a signif- 
icant source of cost savings develops which 
can only be realized by their joint operations. 
If the combination is permitted, such compe- 
tition as had previously existed between 
them will naturally vanish. Unless, how- 
ever, entry into their market is “effectively 
blockaded” (in the sense expressed by Bain 
{1, p. 22]; that is, other firms will neither 
transport into nor otherwise invade their 
market), the monopoly price will not obtain. 





fically, is the likelihood that an effectively 
blockaded entry condition will result from 
the combination? John Wenders concludes, 
I think correctly, that effectively blockaded 
entry falls in the null set [11]. Short of this 
extreme, what alternative effects might be 
anticipated? Judging from Bain [1, p. 170] 
and other evidence on price to cost margins 








The question can thus be put: What, realis- 


[3], an increase of well less than 10 percent, 
which reflects partial but incomplete insu- 
larity from existing and potential rivals, is 
probably to be expected. 

The pricing formula corresponding to this 
description of behavior can be obtained by 
expressing the firm’s maximization problem 
as 


«= PO—C(Q) 
subject to: P < P, 


where P is price (P= (0), P’<0), Q is out- 
put, C(Q) is cost, and P is the price at which 
entry can reasonably be anticipated.? The 
derived pricing formula is: 


Q) P= uc|: — —(1 = >I 


where is the Lagrange multiplier and re- 
flects the shadow price of the constraint. 
Only if the constraint is redundant, in which 
case A=0, will the conventional monopoly 
pricing formula obtain. Also note that the 
statement that a monopolist will always 
operate in the region where demand is elastic, 
which DePrano and Nugent dutifully repeat 
[4], is not implied when the constraint is 
binding.‘ In circumstances where prices are 
“margin restricted,” demand elasticity is 
determined rather than determining. 

Other market scenarios could also be de- 
scribed.® Among those that qualify as reason- 


3 For a probabilistic formulation, see [12, pp. 124-27]. 
A more recent and extensive development of a probabi- 
listic approach to the entry question is given in [5]. 

4 The elasticity referred to in equation (2) is that of 
the demand curve P=P(Q) evaluated at P, not that 
of the truncated demand relation at this point. 

Note that the maximal margin (P-AC) is strictly 
independent of demand elasticity only where the price 
that would attract established outsiders to ship into the 
region is lower than the price that would attract new 
firm formation within the territory, and only if the 
marketing expense (including transportation) of out- 
siders is subject to negligible scale economies with re- 
spect to the marginal sales. Otherwise, the optimal 
value of P is not independent of demand elasticity: 
ceteris paribus, the higher is y, the lower is P. But the 
value of P thus derived will not, in general, be the 
same as the optimum price given by DePrano and 
Nugent in their conventional monopoly pricing formula. 

$ The multi-market situation in which, as a result of 
the merger, market occupancy reaches market power 


(1) maximize: 
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able, the DePrano-Nugent treatment does 
not emerge as an obvious candidate. Indeed, 
although for many of these scenarios the 
post-merger price to cost margin will exceed 
the pre-merger spread, I would expect, in 
general, that mergers resulting in economies 
would produce price decreases—which does 
great violence to their curious notion of 
causality. I postulated the price increase in 
the naive model simply to expose the trade- 
off issue. DePrano and Nugent carry it to 
fanciful extremes. 

There is nothing novel in the proposition 
that market power does not imply monopoly 
or that potential competition does not re- 
quire prior market occupancy. DePrano and 
Nugent override both, which permits them 
to reach ‘‘very different conclusions.” They 
will not be surprised, I trust, if their invita- 
tion to adopt these is not widely accepted. 


II. Pre-Existing Market Power 


The welfare function on which my original 
formulation of the “naive” model was (in- 
tendedly) based is the same as that which is 
conventionally used for partial equilibrium 
welfare valuations (see, for example [13]); 
to wit, welfare is expressed as W = (TR+S) — 
(TC—R), where, under appropriate restric- 
tions, the terms in the first set of parenthesis 
reflect social benefits (total revenue plus 
consumers’ surplus) and those in the second 
reflect social costs (total pecuniary costs less 
intramarginal rents). Assuming that R is 
negligible, this can be restated as W=(TR— 
TC)+S, or inasmuch, as TR—TC reflects 
profits, as W=a-+-S, where r denotes profits. 
Any change in welfare is then given by 


AW = (T3 = xı) + (S3 — Sy). 


This result is perfectly general. The prob- 
lem comes in applying it to particular cir- 
cumstances. My original translation in the 
naive model is adequate with respect to 





proportions in a few but not in all of the markets is one 
such example. Differential price to cost margins between 
markets might therefore be expected. If economies are 
realized on all transactions but margin increases occur 
for only a few, the welfare valuation must be weighted 
accordingly. 


™, Sa and Si, but it incompletely charac- 
terizes mı. Thus, whereas most of m, is ac- 
counted for in the original tradeoff expres- 
sion (equation (1) in [14, p. 22]), a dead- 
weight loss element has been omitted.’ 
Hence, as De Prano and Nugent point out, 
this expression is strictly correct only if pre- 
existing market power is negligible (x,=0). 

Possibly the naive model should be 
scrapped on this account, but I would sug- 
gest that it be regarded as representing the 
case where pre-existing market power is neg- 
ligible. The case where nonnegligible pre- 
merger power exists can then be treated as 
one of several qualifications to this naive 
formulation. Three issues are thereby pre- 
sented: 1) What is the correct tradeoff ex- 
pression when pre-existing market power 
obtains? 2) How significantly are the results 
of the naive model changed when plausible 
values of the market power parameter are 
assigned? 3) How important is this correc- 
tion in relation to other qualifications to the 
argument already covered in the original 
discussion [14, pp. 24-32], [15]? 

Again let & be the pre-existing market 
power parameter, where k=P,/AC,. Em- 
ploying the framework suggested above, it 
can be shown that AW can be expressed as 


(3) A(AC)Q: — [FAP + (k ~ 1) ACi]AQ. 


The parallel test expression to equation (3’) 
[15, p. 1373] is whether 


A(AC) T1 /A 
Oe. -E 
AP Qı 


+ (k — Dhi Os 


* m is given by PiQi—(ACy)Q; or, letting P= kA Ci, 
by (—1)Q:(4G)). This can be expressed as the sum of 
(k—-1)Q2(AC;) and (k—-1)AQ(AC)). The first of these 
terms is accounted for by my equation (1), but the sec- 
ond is omitted. The ratio of omitted to included is thus 
given by AQ/Qs. For demand elasticity in the neighbor- 
hood of unity and for price increases in range of 0 to 10 
percent (where, for reasons given below, 10 percent may 
be regarded as a rough upper bound), the value of 
4AQ/Q2 will be approximately equal to the percentage 
price increase. Thus, as indicated in the text, most but 
not all of m is accounted for by equation (1), [14, p. 22]. 


a 
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TABLE 1—Prrcentace Cost REDUCTIONS [(AAC/AC,) X100] SUFFICIENT To OFFSET, 
- PERCENTAGE PRICE INCREASES [(AP/P,) X100] ror SELECTED VALUES 
OF 7 AND $= 1.00 anp 1.05 


3=2 
AP/P,X100 
k=1,00 k=1.05 
5 .26 -178 
10 1.05 2.15 
20 4.40 6.82 
30 10.35 14.28 


is greater or less than zero.’ 

The (k—1) term in this expression was 
omitted from my original test relation. It 
reflects the neglected part of mı mentioned 
above. The degree to which pre-merger 
market power requires a qualification in the 
results obtained from the naive model ob- 
viously varies directly with the value of k. 
DePrano and Nugent treat the range of k 
from 1.1 to 1.5, and presumably regard it as 
relevant. Unfortunately, however, they pro- 
vide neither a theoretical nor empirical basis 
for postulating such a range. Although their 
intuition in this instance may be good, one 
learns to be wary. 





Consider Bain’s treatment of entry bar- 
riers in the “very high,” “substantial,” and 
‘moderate or low” categories [1, p. 170]: 


It is hazardous to assign any absolute 
values to the entry barriers correspond- 
ing to these three rankings, but the very 
roughest guess would be as follows: (1) 
that in the “very high” category, es- 
tablished firms might be able to elevate 
price 10 percent or more above minimal 
i costs while forestalling entry; (2) that 
with “substantial” barriers, the corre- 
sponding percentage might range a bit 
above or below 7 percent; (3) that in the 
(‘moderate to low” category the same 
percentage will probably not exceed 4, 


1 This expression differs slightly from DePrano and 
Nugent’s expression (3) [4, p. 950] because they decline 
to employ the correction that I suggest in [15, pp. 1272- 
73]! This affects their numerical results slightly, but 
the| major cause for discontent with this part of their 
argument is their assignment of implausible values to k. 














n=l 1=4 
kæ1.00 | &=1.05 | k=1.00 | k=1.05 
312 .38 -06 19 
50 1.03 24 50 
2.00 3.10 95 1.48 
4.50 6.21 2.10 2.90 


and will range down to around 1 percent. 
(Emphasis added.) 


Inasmuch as we are postulating that the 
merger will result in both cost reductions 
and an increase in price above the pre-merger 
level, and if a 10 percent post-merger price 
to cost margin should be regarded as con- 
siderable, it is difficult to imagine that values 
of & in the range 1.1 to 1.5 are often to be 
expected. Thus let Pa=08P,, where @>1, and 
AC,=7yACi, where 0<y<1. Now if P2/AC, 
=m it follows that k= P;/AC,=(y/6)m. 
Maximal values for k will obtain when y and 
m are assigned as large values as can plau- 
sibly be imputed to them and when @ is made 
as small as possible. If a value of m as great 
as 1.10 is regarded as a rough upper bound 
(this would place the merged firm in the 
high entry barrier category), and if @ and Y 
are both pressed near to unity (say 0= 1.02 
and y=.98, which might be regarded as 
threshold values for each), the resulting 
maximal value for & is (roughly) 1.06. Evi- 
dently the range 1.1 to 1.5 which DePrano 
and Nugent explore is, for the most part, 
operationally irrelevant. 

Instead I would expect that values of & 
in the neighborhood of 1.00 would be typical, 
that values as high as 1.05 would obtain 
occasionally, but that values of & as great 
as 1.10 would be rare. I show in Table 1 the 
percentage cost reductions sufficient to offset 
various percentage price increases for se- 
lected demand elasticities (assumed to be 
constant in the relevant range) and values 
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of k of 1.00 and 1.05.8 Inspection of the 
table immediately reveals that the differences 
which obtain when values of & as large as 
1.05 are introduced (or even for k=1.1; see 
the DePrano-Nugent Table 3) are,. while 
not unimportant, hardly sufficient to alter 
previous conclusions drastically. Thus the 
introduction of pre-merger market power in 
plausible amounts does not, by itself, upset 
the the following proposition derived from 
the naive model: “a merger which yields 
nontrivial real economies must produce sub- 
stantial market power and result in rela- 
tively large price increases for net allocative 
effects to be negative” [14, p. 23]. If De 
Prano and Nugent are really serious in their 
statement that they are interested in “levels 
of k and ņ which are normally found in our 
economy” presumably they would agree. 

This is not to suggest that the results of 
the naive model cannot be upset under any 
reasonable set of circumstances. I expect, 
however, that the more important qualifi- 
cations involve enforcement expense, timing, 
incipiency, weighting, income distribution, 
extra-economic political objectives, techno- 
logical progress, and the effects of monopoly 
power on managerial discretion—all of which 
are discussed elsewhere [14, pp. 24-32], [15], 
[16].* Pre-existing market power may be 


$ If, for reasons given in the text, a value of m as 
great as 1.10 fs to be regarded as a rough upper bound, 
then only the first two rows in the table are relevant 
when k=1.00, and only the first row when k= 1.05. I 
show values of AP/P; as great as 30 only for purposes of 
illustrating how great a price increase is required to off- 
set a cost reduction as large as 5 percent (if the assump- 
tions of the argument were to hold), not because I re- 
gard price increases in this degree as realistic. 

* Also, I should note, the second-best qualification in 
[15, p. 1373] should stipulate that the significant rela- 
tions with other sectors in which distortions exist are 
mainly ones of substitutability rather than complemen- 
tarity—which ordinarily seems reasonable. A still 
further qualification concerns the product differentia- 
tion issue. Any predictable change in product variety 
attributable to the merger should appropriately be re- 
flected in the welfare valuation. Inasmuch, however, as 
product variety changes could go either way (an in- 
crease or decrease in product variety is possible), since 
neither is apt to be evident ex ante, and as such effects 
as do obtain are likely to be small, it seems reasonable 
to proceed, for the present, at least, as though product 


associated with some of these, but that is 
evident from the original argument.’ The 
DePrano-Nugent Comment is concerned 
with the local effects of pre-merger market 
power by itself. As shown above, this does 
not have the devastating consequences that 
they would impute to it. 
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Teaching Hour-Load Assignments in Economics 
Departments in Larger Institutions Revisited 


By Ropney J. Morrison* 


The structure of economists’ salaries and 
income has been examined in the studies 
published recently by the American Econo- 
mic Association, [2], [3]. Another aspect 
bearing upon the economic status of the pro- 
fession, at least for teaching economists, is 
teaching loads. In 1956, John Due published 
in this Review, the results of a December 1955 
survey of teaching loads in the economics 
departments of twenty-five large institu- 
tions [i]. The departments he surveyed were: 
Northwestern, Michigan, Michigan State, 
Illinois, Ohio State, Wisconsin, Minnesota, 
Indiana, Purdue, Yale, Harvard, Princeton, 
Columbia College, Columbia University 
Graduate Faculty, Cornell, Pennsylvania, 
New York University, Carnegie Institute of 
Technology, Duke, Virginia, Texas, Louisi- 
ana State University, Stanford, the Uni- 
versity of California at Berkeley, and at 
Los Angeles. 

These same twenty-five institutions were 
surveyed in February of 1969 by the present 
author. Twenty-three departments respond- 


* Assistant professor of economics, Wellesley College. 


ed, and the results of this survey are pre- 
sented in Table 1. To determine typical 
rather than nominal teaching loads, replies to 
the present study were subjected to some in- 
terpretation. This evaluation was minimal, 
however, as most responses were quite clear- 
cut. In the present survey no distinction was 
drawn between graduate and undergraduate 
teaching, and the results represent the aver- 
age hour-load per week per academic year. 
Also, despite interpretation, the results still 
may be somewhat high, as several depart- 
ments indicated that in special circumstances 
“arrangements” could be made. 

The median hour-load over all ranks in 
Due’s 1955 study was nine hours, and based 
upon the data in Table 1, the median load in 
the present study (1968-69) is but six hours. 
To facilitate further comparison, Table 2 
presents median hourly teaching loads by 
individual rank for Due’s earlier study and 
median load by individual rank for approxi- 
mately the same group of schools for the 
academic year of 1968-69. 

From the information contained in these 
surveys, it appears that the median teaching 


Taste 1—TYPICAL TEACHING LOADS IN TWENTY-THREE LARGE Insrrrurions, 1968-69 

















; Number of Institutions Assi the Various Hour-Load 
Typi! Wey Chass mgties, by Faculty Rack 
Hour-Load Teaching 
Assignment per Full ; 
Time Equivalent Professor i aa 
4 2 1 1 1 
4.5 1 0 0 0 
5 4 5 4 3 
6 12 11 9 4 
7 1 1 1 1 
7.5 1 3 4 0 
8 0 0 0 0 
9 2 2 4 2 
10 8 0 0 0 
11 0 0 0 0 
12 0 0 0 2 
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load over all ranks in these arbitrarily se- 
lected departments has decreased by a third, 
falling from nine hours in 1955-56 to six 
hours in 1968-69. Additionally, it appears 
that the practice of discriminating by rank 
has also declined. In Due’s study, the median 
load by rank was nine hours for full and 
associate professors, ten for assistants, and 
twelve for instructors. In the 1968-69 survey, 
the median load was six hours, regardless of 
rank. Thus assistant professors and instruc- 
tors may no longer be bearing disproportion- 
ate loads. It also appears that there has been 
a decline in use of the rank of instructor per 
se, for only thirteen departments reported 
that they presently staff instructors, while in 
Due’s earlier study twenty-four of -the 
twenty-five departments surveyed used this 
rank, Further evidence of this change is the 
fact that several departments that currently 
do not staff instructors stated quite clearly 
that the rank was no longer applicable. 
` To gain some knowledge of the differences 
in teaching loads between the economics de- 
partments at these larger institutions and 
those of some smaller colleges, the same ques- 
tionnaire was distributed to twenty-five 
arbitrarily selected schools. The smaller col- 
leges surveyed were: Coe, Dartmouth, Am- 
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TABLE 2—Mepian Weexty Ciass-Hour-Loap 
TEACHING ASSIGNMENT, BY RANK 








Median Load || Median Load 





in Hours, in Hours, 

1955-56 1968-69 
Professor 6 
Associate Professor 6 
Assistant Professor 6 
Instructor 6 








Reed, Middlebury, Bowdoin, Trinity (Hart- 
ford, Conn.), Swarthmore, Ripon, Miami of 
Ohio, Grinnell, Claremont Men’s College, 
Wheaton, Haverford, Bryn Mawr, Wesley- 
an, and Vassar. Twenty-three of these de- 
partments responded, and the results are pre- 
sented in Table 3. 

The median hour-load over all ranks in 
these departments is nine hours. Moreover, 
the median load for each individual rank is 
also nine hours, indicating that little discrim- 
ination by rank exists. In this respect, these 
smaller departments resemble the large de- 
partments of Table 1. While they may assign 
a heavier median load over all ranks, it is 
evident that a load of between six and seven 
and one-half hours has been adopted by a 


| herst, Williams, Mt. Holyoke, Smith, Wel- 


l good number of these smaller institutions as 
; lesley, Oberlin, Antioch, Carleton, St. Olaf’s, 


well. 


TABLE 3—TypicaL TEACHING LOADS IN TWENTY-THREE 
SMALLER Institutions, 1968-69 












Number of Institutions Assigning 
Load Teaching Assignment the Various Hour-Load Figures, 
per Full Time Equivalent by Faculty Rank 








| Typical Weekly Class-Hour- 


Professor | Professor 





Non Omm Aho 





NOP WP he Re OO 
NOP OrRP Re PR OO 
WOrRORE NONE OO 


962 THE AMERICAN ECONOMIC REVIEW 


REFERENCES 


1. J. F. Duz, “Teaching Hour-Load Assign- 
ments in Economics Departments in 
Larger Institutions,” Amer. Econ. Rev., 
Dec. 1956, 46, 970-71. 

2. N. A. TOLLES AND E. MELICHAR, “Studies 
of the Structure of Economists’ Salaries 


3. 


and Income,” Amer. Econ. Rev., Supple- 
ment, Dec. 1968, 58. 

COMMITTEE ON THE NATIONAL SCIENCE 
FOUNDATION Report on the Economics 
PRoression, “The Structure of Econo- 
mists’ Employment and Salaries, 1964” 
Amer, Econ, Rev., Supplement, Dec. 1965, 
55. 


COMMUNICATIONS 3 963 


The Restrictive Effect of the U.S. Tariff: Comment 


By FRANKLIN V. WALKER* 


In a recent issue of this Review, Georgio 
Basevi [2] found that the U.S. tariff struc- 
ture so improved the terms of trade as to 
yield an estimated welfare gain of $258 to 
$558 million in 1958-62. This indicates that 
unilateral tariff removal by this country 
would reduce home welfare. In this com- 
ment, Basevi’s model is modified to estimate 
the gain to the United States from tariff 
elimination simultaneously by all countries. 
In addition, following a clue given by Basevi 
but not carried out in his own calculations, 
that part of the gain attributable to change 
in the net barter terms of trade is separately 
measured.! 


I. The Terms of Trade Effect 


| Basevi’s model and the present modifica- 
‘tion of it incorporate the welfare effect of 
ichanges in terms of trade which follow re- 
moval of tariffs. These price changes occur 
iboth because international supply schedules 
lare less than perfectly elastic and because 
revaluation of exchange rates is in general 
required to maintain equilibrium in the bal- 
ance of trade. An elasticity approach model 
is justified by the assumption that real in- 
comes are kept constant at home and abroad 
(except for the gain or loss measured by the 
nodel) through appropriate governmental 

policies.? 
| The rationale of the model may be under- 
stood by examining Figure 1, which is 
labelled i in conformity with Basevi’ s figures. 
Th the left-hand panel, Sm is the import sup- 
ply schedule in dollars facing the United 
States under protection. The U.S. tariff is 
TB and the price to consumers is TC. The 
supply schedule inclusive of tariff is not 
drawn. The volume of imports is OC and 
their value, net of tariff, is represented by the 
area OABC. In the right-hand panel, the 
«! 


*/The author is professor of economics at the State 
University of New York at Albany. 
author is grateful to the referee for suggesting 
iat the terms of trade effect be separately measured. 
2 Cf. Basevi [2, p. 847]. 


dollar price of exports under protection is 
O'A’. Units of measurement of exports and 
imports are so chosen that the export price is 
equal to the tariff import price, OA, under 
protection to facilitate comparison of the 
two panels. The quantity of exports is O’C’, 
which is greater than the quantity of im- 
ports, OC, and the value of exports in dollars 
is O'A’B’C’. Thus, under protection the bal- 
ance of trade is O’A’B’C’ minus OABC, 
which is equal to K’N’B’C’. 

Removal of the U.S. tariff brings an in- 
crease in the quantity and value of imports. 
Simultaneous removal of tariffs abroad ex- 
pands demand for U.S. exports and their 
dollar value also rises. A fortuitous set of 
elasticities would leave the balance of trade 
unaltered, but in general this case cannot be 
assumed and some revaluation of the dollar 
must occur to preserve equilibrium in the 
balance of trade. 

In the case shown in Figure 1 there is de- 
valuation of the dollar. This raises the import 
supply schedule to S,,’ and, together with the 
effect of foreign tariff removal, shifts the de- 
mand for exports to D,’. The amount of de- 
valuation, and hence, shifts of these sche- 
dules is constrained by the requirement that 
the value of exports under free trade, 
O’F'G’H', exceed the value of imports, 
OFGH, by exactly the same amount as 
under protection, O’A’B’C’ minus OA BC. 

Basevi measures the gain to the United 
States from tariff removal by the area CTGH, 
the ‘...increase in import consumers’ 
utility”, minus C’B’G’H’, the cost of ad- 
ditional exports to the community. With W 
representing the gain from tariff elimination. 


W = CTGH — C'B'G'H’. 


3 Quoted from [2, p. 843]. See also Basevi’s fn. 8, p. 
845, for a more complete interpretation of consumers’ 
and producers’ gains. Neither Basevi nor the present 
writer consider possible secondary effects on surpluses 
from production and exchange of domestically-traded 
goods, which might augment or reduce the total gain 
from free trade to U.S. citizens. 
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FIGURE 1 


However, CTGH does not represent the 
net gain to consumers, since an amount rep- 
resented by CKGH must be paid for the 
added imports. Consumers’ surplus increases 
by KTG minus AFKB, the latter area repre- 
senting the portion of the tariff paid by for- 
eign exporters by virtue of the lower import 
price under protection. Home exporters’ sur- 
plus increases by an amount represented by 
A’F’G'B’. Thus, as Basevi points out, the 
welfare effect of tariff removal may be mea- 
sured as 


W = KTG — AFKB + A’F'G’B’. 


The gain from trade may arise both from 
changes in the volume and terms of trade. A 
terms of trade effect may be obtained by 
some further rearrangement of the compo- 
nents of W. The differential change in the 
net barter terms of trade is dp, minus dpm, 
if units of measurement are chosen so that 
the export price, $s, and import price, pa, 
are both initially unity. In Figure 1, AF rep- 
resents dp, while AE, equal to A’F’, repre- 
sents dý». Weighting the change in terms of 
trade by the volume of imports under pro- 
tection, the terms of trade effect is repre- 
sented by the area EFKJ. 

In the right-hand panel, O’K’ measures 


the volume of exports equal to the volum 
of imports under protection, OC. Thu 
A'F'J'N’ equals AEJB. It is apparent the 
the welfare effect of freeing trade may also t 
obtained as 


W = KTG — EFKJ + N’J'G'B’. 
Algebraically, the terms of trade effec 
alone, W;, is 
(1) W: = (dps — dpa)M 


where M is the quantity of imports unde 
protection. The remaining gain, W, : 


W, = $(tn — dpmjd M 
+ dp(X — M + 44dX) 
where ¢, is the U.S. ad valorem tariff rat: 
equal to the tariff since pm is unity, and X : 
the quantity of exports. The total gain fro: 
free trade is W= W+ Wz. 
II. Determination of Exchange Revaluatio 


To calculate the necessary revaluation ¢ 
the dollar, we first set the differential of th 
balance of trade equation equal to zero: 


dB = pdX + Xdpe— pad 


(2) 


(3) 
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where B is the balance of trade in dollars. 
The next step is to reduce this to an equation 
in #, the proportional change in the exchange 
rate z. 

The differential of export volume may be 
expressed in terms of export supply and de- 
mand slopes as 


(4) dX = adp, = Bd(re + Ta) 


Alpha and beia are export supply and de- 
mand slopes, respectively. The foreign- 
currency price of exports before tariff, ms, 
equals ~./r, the dollar price divided by the 
rate of exchange; units are chosen so that all 
three of these variables initially equal unity. 
T, is the average unit tariff charged abroad 
on U.S. exports and is the only new variable 


| added to Basevi’s model. Since the foreign 


price before tariff is unity, T,=4,, the foreign 
tariff rate on exports. 

The change in the foreign currency con- 
sumer price with removal of tariffs is 


dlrs + Tz) = dae — ts 
= dps —}— h 
\Substituting (5) into (4) yields 


(5) 





(6) dpe = 


SEn 


| The differential of imports in terms of 
slopes is 
(7) dM = yd(pn + Ta) = bdrm 


where gamma and delia are import demand 








and supply slopes, respectively, and Tn is the 
U.S. tariff on imports. The latter equals t,, 
the U.S. tariff rate, since fw is initially unity. 
The foreign-currency price of imports, mm, is 
equal to #m/r. Therefore, dx, = dpa —t. With 
tariff removal, d(,+-T.) =dpa—tm. Thus, 
solving (7) for dm yields ` 


(8) dtm = —— (tm — +? 
fi y—è 





Substituting (4), (6), (7), and (8) into (3) 
and replacing slopes with corresponding 
elasticity parameters yields the required pro- 


portional rate of change in the exchange rate: 
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X 
—A,+An—1 
where 
1 
iea ai(1 + e) 


n — ell + t) 


and i=2, m; X/M is the ratio of exports to 
imports of the United States. Eta and episilon 
are demand and supply elasticities, respec- 
tively, with their correct algebraic signs. 


ITI. Estimates 


In estimating the gain from free trade, 
Basevi’s values for all parameters are re- 
tained. Elasticities of supply of imports and 
exports are, respectively, 6.1 and 4.5. Basevi 
tried two limit values for the elasticity of im- 
port demand, —1.5 and —2.7, and two for 
export demand elasticity, —9.9 and —5.1. 
The last might be considered too high for a 
lower limit in light of recent estimates [3]. 
Consequently, estimates in this note are also 
made for an export demand elasticity of 
—2.0. The value of the export demand 
elasticity plays a more critical role in esti- 
mating the gains from free trade than in 
Basevi’s estimates of the gain from the U.S. 
tariff. 

For iw Basevi employed the U.S. uniform 
tariff equivalent, derived from effective rates 
of protection, which he estimated to have 
been 15 percent in the period 1958—62. 
Basevi noted this was similar to the 16.7 
percent rate for U.S. manufactures in 1962 
obtained by Balassa [1] in the same way. 
Balassa also estimated uniform tariff equiva- 
lents of 23.8 percent for the United Kingdom, 
17.3 percent for the Common Market, 12.2 
percent for Sweden, and 26.4 percent for 
Japan. 

In the calculations of this note, the U.S. 
tariff rate, 4, is held at 15 percent. Two 
values are tried for the rate on exports, 
t;,—15 and 18 percent. Values for the vol- 
umes of exports, X, and imports, M, are 
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TABLE 1—ESTIMATES OF THE WELFARE GAIN TO THE Unrrep STATES FROM RECIPROCAL 
TARTT ELIMINATION 
(in $ million for the average 1958-62) 





Export 

Tariff Demand 
Rates Elasticities? 

(percent) 
fi 1m ts 
-1.5 —9. 
-1.5 —5. 
-1.5 —2. 
—2.7 —9, 
15 —2.7 —5. 
—2.7 ~—2. 
-1.5 —9, 
—1.5 —5, 
-1.5 —2, 
18 —2.7 —9. 
—2.7 —5, 
—2.7 —2. 





* The import tariff rate, fm, is 15 percent throughout. 
> The import and export supply elasticities are 6.1 and 4.5, respectively,throughout. 


$19,107 million and $15,076 million, re- 
spectively, as reported and employed by 
Basevi. Results of the calculations are shown 
in Table 1.4 


IV. Conclusions 


The gains from freeing trade are esti- 
mated to run from about $0.4 billion up to 
$2.4 billion on the basis of 1958-62 trade 
figures. Changes in the terms of trade gain 
dominate and rise as the demand for exports 
becomes more elastic relative to the demand 
for imports, as expected. Even at the higher 
limit, the gain from freeing trade is disap- 
pointingly small—$2.4 billion is one-half of 
one percent of the average Gross National 
Product in 1958-62. Moreover, since most of 
the gain arises from changes in the terms of 
trade it accrues at the expense of welfare in 


4In making the calculations, the author followed 
Basevi’s practice of replacing equation (9) with the 
quadratic equation in # obtained when djdX and 
dp,4M terms are retained in the balance of payments 
differen:ial equation (3). The latter, without these 
terms, was found to underestimate the absolute value 
of ? by a maximum of 6 percent of ¢ in the calculations 
for Table 1. 


trading partners of the United States and is 
not a net gain for the world as a whole. 
Basevi anticipated these results, [2, p. 851], 
when he wrote “. . . reciprocal elimination of 
tariffs, therefore, would involve a net terms- 
of-trade effect which could be either positive 
or negative, but still very small.” 
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Optimal Policies and Immiserizing Growth 


By Jacpiso N. Buacwati* 


In 1958, I analysed the paradoxical case of 
“immiserizing growth” [2] where a country, 
with monopoly power in trade, found that 
the growth-induced deterioration in its terms 
of trade implied a sufficiently large loss of 
welfare to outweigh the primary gain from 
growth.! An obvious corollary of this proposi- 
tion was that, if the country imposed an 
optimum tariff (either in both the pre-growth 
and the post-growth situations, or in the lat- 
ter situation alone), this paradox would be 
eliminated. 

James Melvin, in an interesting note [5], 
has now produced yet another analysis of 
immiserizing growth, where demand differ- 
ences of the factor-intensity-reversals type 
are combined with international identity of 
production possibilities and growth therein 
to yield immiserization (for one of the two 
countries) which cannot be eliminated by the 
imposition of an optimum tariff (by the 
country experiencing immiserizing growth).? 

This paradox, in a world of paradoxes, is 
however readily resolved. It can be easily 
shown that the Bhagwati and Melvin ex- 
amples of immiserizing growth belong to two 
quite different generic types; and that each, 
in turn, can be generalized to a different 


- family of immiserizing growth possibilities. 


The former type can be eliminated by the 
introduction of optimal policies; the latter 


, cannot. 


I. Distortions and Immiserizing Growth 


The original Bhagwati immiserizing 


growth phenomenon belongs to the class of 
, cases where a welfare-reducing distortion in 
the economy is the cause of the immiseration. 


* The author is professor of economics at the Mas- 


‘sachusetts Institute of Technology. Thanks are due to 


Peter Kenen for helpful comments. 

: 1 This possibility was also noted and analysed in- 
‘dependently by Harry Johnson. 

` 3 Melvin’s geometric analysis uses a case where each 
country’s offer curve, if drawn, would be less than in- 
finitely elastic, thus implying monopoly power in trade 
for the ofker country. 


1 


The essential point involved is that the 
“|... gain which would accrue from growth, 
if optimal policies were followed, is outweighed 
by the incremental loss of real income which 
the distortion imposes in the post-growth 
situation vis-à-vis the pre-growth situation” 
[3, p. 481]. 

The original Bhagwati example is tra- 
ditionally analysed in terms of the (primary) 
gains from growth (at constant terms of 
trade) being outweighed by the (secondary) 
loss from worsened terms of trade [2]. A more 
insightful way of looking at this case, how- 
ever, is to argue that the assumed free trade 
and hence failure to impose an optimum 
tariff (to exploit monopoly power in trade) in 
both the pre-growth and post-growth situa- 
tions involves welfare reducing, “distor- 
tionary” policies in both these situations. 
Immiseration then occurs because the gain, 
which would necessarily accrue from growth 
if the optimal tariff were imposed in both 
situations, is smaller than the incremental 
loss arising from the accentuation (if any) in 
the post-growth situation of the welfare loss 
resulting from the distortionary free-trade 
policy in each situation. 

Harry Johnson’s [4] further example of 
immiserizing growth where the country has 
no monopoly power in trade but imposes a 
tarif which applies to both the pre-growth 
and the post-growth situations, is to be 
explained in terms of the same logic. In the 
absence of monopoly power in trade, the 
tarif is necessarily distortionary and, 
compared with the fully optimal free-trade 
policy, causes a loss of welfare in each situa- 
tion. If the growth were to occur with free 
trade, there would necessarily be an incre- 
ment in welfare. However, since growth 
occurs under a tariff, there arises the possi- 
bility that the loss from the tariff may be 
accentuated after growth, and that this in- 
cremental loss may outweigh the gain (that 
would occur under the optimal, free-trade 
policy), thus resulting in immiseration. Thus, 
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Commodity Y 





Commodity x 


o B,B2 


FIGURE 1 


the policy-imposed distortion (i.e. the tariff) 
generates the possibility of immiserizing 
growth? 

I have subsequently produced two more 
examples of immiserizing growth [3], to un- 
derline and illustrate the general proposition 
that immiserizing growth can arise under any 
kind of distortion, whether endogenous or 
policy-imposed: first, where the endogenous 
distortion involves an imperfect factor mar- 
ket, taking the shape of a distortionary wage 
differential; and second, where the endogen- 
ous distortion is foreign, involving monopoly 
power in trade, and where the country has an 
optimal tariff in the pre-growth situation. 

From the general theory of immiserizing 
growth, arising from distortions, it is fur- 
thermore clear that the removal of a policy- 
imposed distortion (e.g. removal of the tariff 
in Johnson’s case), or optimal policy inter- 
vention to eliminate the welfare-reducing 
effects of the distortion (e.g. the adoption of 
a suitable, optimal tariff policy in the original 
Bhagwati case, or the adoption of a suitable 
factor-use tax-cum-subsidy policy in the case 
involving a distortionary wage differential) 

3 Augustine Tan [6] has produced an alternative 
analysis of this case, subsequent to Johnson’s paper. 


‘will eliminate the possibility of immiserizing 


growth altogether: immiserizing growth can 
occur only insofar as there is a loss involved 
in departing from full optimality and insofar 
as such a loss increases in the post-growth 
situation. 


II. Exogenous Reduction in Gains from Trade 
and Immiserizing Growth 


Consider, however, the case where growth 
in one country is simultaneously accom- 
panied by growth elsewhere (i.e. the rest of 
the world). As soon as we change the sce- 
nario thus, we are landed with the distinct, 
and quite unparadoxical, possibility that the 
primary gain from growth, defined at an 
unchanged foreign offer curve facing one 
country, and, assuming that optimal policies 
are followed in the pre-growth and post- 
growth situations, would be outweighed by 
the reduction in gain from trade brought 
about by the shift in the foreign offer curve 
facing the country (resulting from growth 
abroad). It is clear in such an eventuality 
that the resulting immiseration accrues 
really from the fact of an exogenous reduction 
in the gains from trade, obtaining despite the 
pursuit of optimal policies. 

Such a possibility is illustrated most 
simply with respect to a country with neither 
monopoly power in trade nor domestic dis- 
tortions. Remember that, for such a country, 
free trade is clearly the optimal policy. In 
Figure 1, the pre-growth situation is depicted 
by the production possibility curve 4ıBı 
the free-trade production and consumption 
levels by P; and Ci, respectively, the given 
foreign price by Fi, and the welfare level by 
U,. If growth were to take place at a constant 
foreign offer (i.e. at constant F), then the 
optimal free-trade policy will imply improve- 
ment in welfare at hypothetical level Uy, the 
post-growth production possibility curve 
being A.B;. However, if we now also assume 
that the foreign offer curve shifts from F, to 
F;, production and consumption in the post- 
growth equilibrium will shift to P, and Cx, 
respectively, and the welfare level will reduce 
to U;.4 The gains from trade will have re- 


t This example would be relevant if the rest-of-the- 
world was a Ricardian economy and its production pos- 
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duced to wipe out the primary gain from 


growth (at an unchanged foreign offer curve). 


This is the borderline case. If the foreign 


offer had deteriorated any further, the post- 
growth equilibrium would have shown im- 
miseration. 

_ This analysis could be readily extended to 
the case where a country has monopoly 
power in trade in both the pre-growth and 
post-growth situations. Immiserizing growth 
for a country would occur, in this instance, if 
the primary gain in growth, at unchanged 
foreign offer curve and assuming optimal 
policies before and after growth, were out- 
weighed by the reduction in the gains from 
trade resulting from a shift in the foreign 
offer curve." This could be illustrated simply 
by the use of the Baldwin-envelope tech- 
nique. 

The following observations may then be 
made about this class of immiserizing growth 
possibilities, 

(1) Since the primary cause of the immi- 
seration is the reduction in the gains from 
trade resulting from shifts in the foreign offer 
curve facing the country, even though opti- 
mal policies are being followed before and 

, after growth, there is no possibility of de- 

| vising policies to escape such immiseration. 

| By contrast, the earlier class of immiserizing 
growth possibilities (Section I) arose pre- 

\cisely from the failure to pursue optimal 
‘policies and hence optimal policies could 
eliminate the immiserizing-growth paradox. 
| (2) It also follows that any number of such 
immiseration possibilities could be devised: 
aside from Melvin’s example, we have an- 
other case in Figure 1. The required shift in 
the foreign offer curve may further be 
brought about by shifts in demand or in pro- 
duction abroad. While, therefore, demand 
differences play a key role in Melvin’s spe- 
cific example, they are not central to the 


i} 
sibility curve shifted outwards with bias in favour of 
the, importable commodity. We would further have to 
assume that our country was operating on the straight 
line segment of the foreign offer curve from the rest-of- 
the-world. 

š The reduction in the gains from trade would have 
to be measured after the imposition of an optimal tariff 
relevant to the shifted, foreign offer curve. 

\ 
\ 


\ 
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FIGURE 2 


argument leading to immiserizing growth in 
this general class of cases. 

(3) The possibility of immiseration would 
obtain in this class, even if we were to as- 
sume that the pre-growth situation was char- 
acterised by sub-optimality. In such a case, 
the reduction in the gains from trade, re- 
quired to produce immiseration, would 
merely have to be larger than in the case 
where the initial pre-growth situation is op- 
timal and hence characterised by a higher 
welfare level. Melvin’s example relates to 
this kind of comparison: free trade, which is 
sub-optimal in view of monopoly power in 
trade, before growth; and an optimal policy 
after growth. In principle, one could also 
compare sub-optimal policies both before and 
after growth and equally well emerge with 
immiseration. 

(4) Finally, note that growth can be im- 
miserizing only insofar as the primary gain 
from growth is outweighed by the (exoge- 
nously) reduced gains from trade. Two corol- 
laries follow immediately. (i) A shift in the 
foreign offer curve, which increases the gains 
from trade, cannot lead to immiseration. 
(ii) The primary gain from growth itself may 
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be large enough to exceed and dominate the 
maximum feasible (exogenous) reduction in 
the gains from trade, thus ruling out im- 
miseration altogether. This is illustrated, for 
a country with monopoly power in trade, in 
Figure 2. Before trade, the production pos- 
sibility curve is 4,B;. The foreign offer curve 
facing the country is PiC,\F and is super- 
imposed on A1B, using Baldwin’s technique 
[1]. Note that the origin of the foreign offer 
curve now is P; (and the offer curve is effec- 
tively in the left-hand or fourth quadrant). 
Figure 2 portrays an optimum tariff policy, 
with consumption at tariff-inclusive prices at 
Cı. The resulting welfare level is marked 0. 
If then growth were to shift the production 
possibility curve out to 42B:, making it 
tangential at Q to the pre-growth utility 
curve, it would be impossible for the country 
to become worse off than before growth. In- 
deed, unless gains from trade were to be re- 
duced to zero, the country would become 
better off than before growth. The possibil- 
ity of immiserizing growth therefore will arise 
only insofar as growth is less than that de- 
fined by the shift of the production possi- 


bility curve to ABs: this is the growth level 
which implies a primary gain from growth 
equal to the gains from trade before growth. 


REFERENCES 


[1] R. E. Batpwiy, “The New Welfare 
Economics and Gains in International 
Trade,” Quart. J. Econ. Feb. 1952, 66, ` 
91-101. 

[2] J. Baacwat, “Immiserizing Growth: A 
Geometric Note,” Rev. Econ. Stud., June 
1958, 25, 201-5. 

, “Distortions and Immiserizing 
Growth: A Generalization,” Rev. Econ. 
Stud., Oct. 1968, 35, 481-85. 

[4] H. G. Jounson, “The Possibility of In- 
come Losses from Increased Efficiency or 
Factor Accumulation in the Presence of 
Tariffs,” Econ. J., Mar. 1967, 77, 151-54. 

[5] J. R. Mervin, “Demand Conditions and 
‘Immiserizing Growth,” Amer. Econ. 
Rer., Sept. 1969, 59, 604-6, 

[6] A. H. Tan, “Immiserizing Tariff-In- 
duced Capital Accumulation and Tech- 
nical Change,” Malayan Econ. Rev., 
forthcoming. 





[3] 





` COMMUNICATIONS 971 
A Further Test of the Kinky Oligopoly Demand Curve 


By Jurian L. Smon* 


Paul Sweezy’s hypothesis that the oligop- ° 


olist’s demand curve has a kink in it [4], is 
commonly accepted as correct. It is the ex- 
planation of oligopoly behavior found in 
most standard price theory texts, despite the 
fact that neither Sweezy nor anyone else has 
shown empirical behavioral evidence in sup- 
port of the hypothesis.! The only relevant 
empirical work was done by George Stigler 
[3], the conclusion of which was all against 
the existence of a kinked curve. Yet the 
kinky-demand-curve hypothesis continues 
on its merry way. 

Stigler’s strongest evidence was a showing 
that monopolists do not alter their prices 
more often than do nonmonopolists (oligop- 
olists). His reasoning which makes that 
evidence relevant is as follows: 


Should monopoly prices be rigid, the 
forces that explain this rigidity may suf- 
fice to explain an equal amount of price 
rigidity under oligopoly. Unless the 
factors making for monopoly price 
rigidity do not operate under oligopoly, 
we can dispense with the kink unless 
greater rigidity is found in the oligop- 
olistic industries. [3, p. 420]. 


Monopoly prices are in fact observed to be 
far less than perfectly flexible and there is no 
particular reason to believe that the institu- 
tional-organizational forces present in mo- 
nopolies do not also operate in oligopolies. 
Hence a kink in the demand curve should 
indeed result in fewer price changes for 
oligopolists than for monopolists. That is 
why Stigler’s data that show as many (in 
fact, more) price changes for nonmonopolists 


* The author, professor of economics and of market- 
ing at the University of Illinois, is grateful for the en- 
joyable experience of presenting this work to A. James 
Heins’ senior honor seminar of 1967-68. 

1 Hall and Hitch’s questionnaire study [2] might be 
considered evidence in support of a kinky curve. In 
fact, Stigler considers that Hall and Hitch’s notion was 
basically similar to Sweezy’s. But their data were im- 
pressionistic verbal responses and not actual price 
changes, 


(oligopolists) than for monopolists tend to 
refute the existence of kinks in demand 
curves, 

Further evidence should be welcome, not 
only because there is an unresolved tension 
between Stigler’s data and Sweezy’s hy- 
pothesis, but also because Stigler’s sample of 
monopolists was small—just two firms. This 
paper therefore tests the hypothesis upon 
business magazine advertising rates. Busi- 
ness magazines offer a favorable ground for 
investigation of price behavior because the 
advertising rates of large numbers of busi- 
ness magazines have been published regu- 
larly over a long period of time. Furthermore, 
the published price is a frequent transaction 
price, though haggling with major customers 
sometimes does take place.? In general, the 
magazine industry lives in a statistical fish- 
bowl. But these remarkable and accessible 
data have not been much exploited. 

The data for this study were taken from 
several editions of Business Publication 


3? Brown et al. [1, p. 256] say that, unlike television 
rates, magazine rates “ . . . are largely based upon pub- 
lished schedules... print deals are infrequent... .” 
And the following trade press report provides a view 
into pricing in the oligopolistic broadcast industry, as 
well as substantiating that published magazine rates are 
frequent transaction prices: 

Chicago, April 25—Ward L. Quaal, president of WGN 
Continental Broadcasting, lashed out last week at 
‘frresponsible” broadcasters who are “using rubber rate 
cards and fantastic, self-devised interpretations of rating 
and circulation figures,” He advised broadcasters to 
“put our house in order before the federal government 
does it for us.” 

Ina talk to the Chicago Advertising Club, Mr. Quaal 
singled out Los Angeles as a city of extensive rate 
cutting by radio and tv stations, “In the years 1952 to 
1959, when television was enjoying its greatest growth, 
none of the Los Angeles tv stations showed more than a 
10 percent sales gain in any of those years, because they 
were too busy cutting each other’s throats by cutting 
their advertising rates,” he said... . 

The broadcasting industry should follow the lead 
of other advertising media such as newspapers, maga- 
zines and outdoor in gaining the respect of advertisers by 
“determining what our medium is worth and then stick- 
ing by our rates,” Mr. Quaal said (Advertising Age, 
May 1, 1967, p. 85). 


972 THE AMERICAN ECONOMIC REVIEW 


Circulation and Rate Trends, (BPCRT), 
published by the Association of National 
Advertisers (ANA). Included in BPCRT are 
rate and circulation information on 830 busi- 
ness magazines whose circulation had been 
audited by the Audit Bureau of Circulations, 
Business Publications Audit of Circulation, 
or Verified Audit Circulation Company, and 
who met the compiler’s (AN A’s) circulation 
criteria. These 830 include most of the larg- 
est business magazines among the roughly 
2,500 published in the United States (as of 
1961). The original data were collected by 
the advertising audit organizations and 
Standard Raie and Data Service (SRDS) from 
their various publications. 

The magazines in BPCRT include entries 
in 148 of the 174 classifications established by 
SRDS. From here on, the magazines within 
each classification category for which BPCRT 
provides information, and with which we 
shall work, will be called a group. Groups 
contain anywhere from one to twenty nine 
publications.’ The members of a group are 
not for the most part head-to-head competi- 
tors, as are steel firms or tire companies. 
Rather, the audiences of the business maga- 
zines differ from one another to greater or 
lesser degrees, and hence they are not perfect 
substitutes; in that respect any magazine’s 
status as an oligopolist is doubtful. And in 
some cases a publication is clearly a very 


poor substitute for any other in the group; 


for example, American Journal of Cardiology 
is classified together with 17 other “Medical 
and Surgical” publications. And Midwest 
Electrical News is in the same group as na- 
tional and other regional electrical publica- 
tions. The basis and meaning of the classifi- 
cation system is discussed later.* 


2 Magazines that were not in existence for the full 
relevant spans of time were not considered members of a 
group. Hence a magazine classified here as a “monopo- 
list” for 1955-61, say, could actually have had competi- 
tion from 1956 to 1961. However, sidechecks indicate 
that this factor seems only to blur the later results 
slightly and not to bias them so as to produce specious 
conclusions. . ; 

t The following listings of the magazines included in 
the first four classifications may help orient the reader: 

Class 1, Advertising and Marketing: Advertising 
Age; Advertising and Sales Promotion; Art Direction; 


The basic data are the year-end rates for 
each magazine (for a single insertion of a 
black and white full page advertisement), 
given for 1961-64 in one edition of BPCRT, 
and in another edition for 1955-61. For each 
magazine I counted the number of years in 
which the year-end rate differed from the 
previous year’s. In each case, this must be 
equal to or less than the total number of rate 
changes, because the rate may change twice 
or more within a given year. But.such multi- 
ple changes should cause no bias and anyway 
they are rare in this industry. The mean 
number of change years was then computed 
for the magazines in each group. (For the 
single magazine groups, the one magazine 
constituted the mean.) 

It should be noted that the advertising 
rate is not the true price, because circulation 
can and does change considerably while the 
rate remains constant; that is, the effective 
price which is customarily computed as the 


Broadcasting; Business Publications Rates and Data; 
Canadian Media Rates and Data; Consumer Mag. and 
Farm Pub. Rates and Data; C. A. Journal of Com- 
mercial Art and Design; Editor and Publisher; Film and 
Television; Graphic Arts Buyer; Industrial Marketing; 
Media Agencies Clients; Media/Scope; Network Rates 
and Data; Newspaper Rates and Data; Premium 
Practice; Print Magazine; Printers Ink; Publishers 
Auxiliary; Signs of the Times; Southwest Advertising 
and Marketing; Sponsor; Spot; Spot Radio Rates and 
Data; Spot Television Rates and Data; Television Age; 
U. S. Radio; Western Advertising. 

Class 2, Air Conditioning, Phembing and Heating, 
Sheet Metal and Ventilation: Actual Specifying Engineer; 
Air Conditioning, Heating, and Refrigeration News; 
Air Conditioning and Ventilating; American Artisan; 
ASHRAE Journal; Contractor; Electric Heat and Air 
Conditioning; Electric Heating Journal; Fuel Oil and 
Oil Heat; Fuel Oil News; Heating and Air Conditioning 
Contractor; Heating, Piping and Air Conditioning; 
Heating and Plumbing Merchandiser; Journal of 
Plumbing, Heating and Air Conditioning; Mechanical 
Contractor; Plumbing-Heating-Air Conditioning 
Wholesaler; Plumbing-Heating-Cooling Business; Re- 
frigeration and Air Conditioning Business; Ships; 
Supply House Times. . 

Class 3, Amusemenis: Amusement Business. 

Class 4, Architecture: ALA Journal; Architectural and 
Engineering News; Architectural Forum; Architectural 
Record; Building Construction; Pacific Architect and 
Builder; Progressive Architecture; Western Architect 
and Engineer. : 
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TABLE Í 
1955-61 1961-64 
Number Grand Mean Number Grand Mean Sum of 
Group of Number of of Number of Columns 
Size Groups Change Years Groups Change Years 3 and 5 
(1) (2) 8) (4) (5) (© 
1 44 2.1 43 .86 2.96 
2 29 2.23 36 1.07 3.30 
3 16 2.5 20 .98 3.48 
4 8 2.28 13 1.12 3.40 
5 7 2.43 12 1.56 3.99 
6 9 2.40 8 1.10 3.50 
7 2 2.5 3 1.33 3.83 
8 2 2.31 5 1.33 3.63 
9 2 1.83 
10 2 2.95 3 1,13 4.08 
11 1 1.81 
12 3 2.81 2 1.25 4.06 
13 3 2.1 
\ 14 2 1.14 
| 15 
16 2 2.25 1 1.0 3.25 
| 17 1 2.53 
| 18 1 2.05 1 .94 2.99 
19 2 1.39 
| 20 1 1.05 
21 1 1.0 
| 22 
| 23 
| 24 
\ 25 1 2.68 
| 26 
: 27 1 2.15 
l 28 1 1.0 
| 29 1 .96 


| 
\ 


rate per page divided by the number of thou- 
sands of readers, and referred to as the rate 
per thousand, changes while the page rate re- 
mains constant.’ This matter will be con- 
sidered later. For now we will simply proceed 


| 
7 Consider these data for three exemplary magazines: 


J 
| Biack-and- -White Page Rates o Rates (Single Insert Insertion), 





1 Prices Per 

' Marine Engi- 
< | Vend Men's Wear neering/Log 

ear 

| $ Per M g Per M g Pe M 
1961 450 44.92 785 29.13 515 87.92 
196% 450 41.48 738 29.49 518 36.88 
1965 500 47,20 815 32.00 515 83.74 
1964 560 47.20 815 $0.29 595 31.80 


to work with the absolute number of rate 
change years. 

Columns 3, 5 and 6 in Table 1 clearly indi- 
cate that monopolistic magazines with no 
competitors in the same category do not 
change price more frequently than do firms 
with competitors, in contradiction to the 
kinky-demand-curve hypothesis. In fact, for 
both the 1955-61 and 1961-64 periods, mag- 
azines in one magazine groups actually 
change price less frequently than do maga- 
zines in multiple magazine groups (with a 
single exception in the 1955-61 period), and 
there seem to be progressively more frequent 
price changes as one looks from single maga- 
zine to at least ten magazine groups (see es- 
pecially column 6). Such a progression is in- 
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teresting, worthy of test as to its existence 
and of explanation if it is shown to indeed 
exist. But the important point in refutation 
of the kinky-oligopoly theory is not that 
oligopolists (especially the two magazine 
group) change price more often, but that 
they do not change price less often. Table 1 
shows the latter to be the case.’ And it should 
be noted that this main result appears de- 
spite the sloppiness of the categories and the 
nonhomogeneity of the editorial matter of 
even any two publications. 

One might ask if the observed results 
might also be explained by circulation 
changes occurring more often in the multi- 
magazine group than in the single-magazine 
groups.’ That is, actual price—price per 
thousand circulation—might vary more in 
single magazine groups, even if rate changes 
are fewer, if circulation changes less often in 
single-magazine groups. But a check shows 
that circulation does not vary more in the 
two magazine groups—the most important 
(to the analysis) and most populous oligop- 
polistic group—than in the one magazine 
groups. For 1955-61, the median percent cir- 


ê Table 1 also shows a lack of flexibility in business 
magazine advertising rates generally. The mean rate 
change period is around once every two or three years— 
inflexible prices by any test, though certainly not un- 
excelled in other industries, This rigidity of the pub- 
lished (and transaction) rates in the face of per unit real 
price changes as well as, necessarily, cost changes to the 
publisher and demand changes over long periods of time, 
requires explanation. Monopoly power and inelasticity 
of demand do not constitute a satisfying explanation 
because magazines just do not have great monopoly 
power; other magazines and other media such as direct 
mail are possible substitutes. Nor is don’t-rock-the-boat- 
ism likely to explain much, because no publication 
alters its rates frequently, even publications whose 
monopoly positions are well protected. 

The explanation of the price rigidity must lie in the 
institutional factors of (a) long term rate contracts, 
(b) long term planning based on existing rates, and the 
desire not to have to revise plans frequently. In other 
words, publications act as if their customers will more 
readily accept one big rate jump rather than many 
small ones, even though the actual price is changing all 
the time. If publications dealt directly with the people 
paying the bills rather than with their advertising 
agents, the picture might be different, because agencies 
lose by the nuisance of rate changes whereas they do not 
lose from a higher cost of advertising. In other industries, 
firms often take the opposite tack, raising the price in 
many small increments so the change is not so notice- 
able. 


culation changes were .171 and .127 for the 
one and two magazine groups, respectively, 
One might expect magazines with competi- 
tors to have relatively more variation in their 
circulations, but circulation changes much 
more slowly than advertising; furthermore, 
many people read all the magazines in their 
trade. Therefore, it is not very surprising 
when these crude data fail to show greater 
circulation change for the duopolists than the 
monopolists. This suggests that the data on 
number of page rate changes are not vitiated 
by different amounts of variation in circula- 
tion. 

One may also question whether there is 
something in the way that the magazines are 
classified that causes the observed results,’ 
This is a possible cause of false results in all 
studies of industrial orgaization, but one 
seldom worried about; usually the classifica- 
tion scheme is simply taken as given. To 
answer the question in this case we must 
know why the magazines are classified the 
way they are. The number (and particular 
members) that end up in a group must de- 
pend upon two forces: 1) the principle of 
classification used by the classifier(s); and 
2) the underlying economic reality. Let us 
consider them in that order. 

1. The classification principle used by 
SRDS is pragmatic and empirical rather than 
analytical, and is similar to the principle 
used in the Library of Congress book classi- 
fication scheme. It is intended to be a pattern 
that will reduce SRDS readers’ time to a 
minimum when looking up data for several 
magazines, and that will suggest by proxi- 
mity the largest number of useful alterna- 
tives when one looks up one or more maga- 
zines. For many groups there is little or no 
question, e.g., medical and surgical publica- 
cations, and dental publications. The tack- 
iest questions probably arise about the de- 
cisions whether to make separate categor- 
ies, rather than which category to put a 
magazine into, e.g., should osteopathic pub- 
lications be separate from medical and sur- 
gical publications. To'some extent these de- 
cisions follow the groupings of firms into 
trade associations, so the SRDS classification 


1 This line of inquiry is owed to the urging of a referee, 
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scheme is not all de novo but partly follows 
established trade patterns. 

2. The economic reality reflected in the 
classification is the sort of process that 
Hotelling [5] and others working in this area 
have tried to capture in the spatial-competi- 
tion model. The absolute number of competi- 
tors will be affected by the size of the market, 
of course, e.g., medical and surgical publica- 
tions will exceed osteopathic in number. But 
the clustering and dispersion will also be 
affected by the number of competitors, e.g., 
duopolists are expected to cluster at the same 
point, whereas new entrants into multi-firm 
markets may choose the center of the market 
or some place far from the center where there 
is no competition. Business magazine groups 
have the additional complication (as com- 
pared to the Hotelling spatial market) that 
the entire market is not isolated from other 
markets and there is competition at the 
borders. 

Taken together, the above considerations 
give no reason to doubt that magazines in 
single member groups correspond to our 
usual notion of monopoly. (One might fur- 
ther speculate that some of the magazines in 
the multi-member groups—above ten mem- 
bers, say—might also have steep demand 
curves, and hence might act more like mo- 
nopolists than oligopolists. And, in fact, a hint 
of this latter effect may be seen in Table 1; 
the greatest amount of price change is to be 
found in the 10 member group, and the 16 
and 18 member groups show markedly less 
change than the 10 member group. But this 
effect is not the focus of interest of this note. 
Rather, we are concerned with the behavior 
of the monopolist compared to behavior of 
oligopolists.) 

Summary 

Like Stigler’s, these data on business mag- 
azines do not support the kinky oligopoly- 
demand-curve hypothesis. They give no in- 
dication that oligopolists change price less 
` often than do monopolists, as the kinky-de- 
' mand-curve hypothesis suggests they would.’ 

3 Though it is unrelated to the main point of this 
paper, these data also permit us to examine the behavior 
of rates when they are cut rather than raised, In most 
price studies except studies of agricultural prices, most 

' price changes are price rises, and hence most of our 


Institutional-organizational rigidities there- 
fore can account for all the rigidity in rates. 
This does not prove that business men do not 
imagine a kinky-demand curve, but only 
that the sum effect of their mental demand 
curves plus the quickening effects of com- 
petition produces no less flexibility than does 
monopoly. 

What these data, together with Stigler’s, 
do prove, I think, is that a deterministic 
function of any kind is quite inadequate to 
represent oligopolistic reality. What is 
needed is a decision tree that portrays the 
probabilities of the several possible outcomes 
and the payoffs in revenue and profit as per- 
ceived by the oligopolist. 
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knowledge of elasticities is knowledge about the effects 
of price increases, 

One might hypothesize that dollar rate drops by firms 
with some monopoly power should be bigger propor- 
tionally than rate increases, because a seller wants to 
draw attention to a rate cut and not to a rate increase. 
But inspection of rate changes for consumer magazines 
indicates that this is not so in that case. The only 37 rate 
drops in the data book for 1940-1963 were compared 
with the rate increases preceding and following. In the 
44 possible comparisons (some changes took place at the 
beginning or end of series) 22 of the decreases were smal- 
ler than the adjacent rate increases, and 22 were larger, 
a perfect stand off. This suggests no difference in the 
proportional size of dollar rate increases and decreases. 





976 THE AMERICAN ECONOMIC REVIEW 


Reciprocal Externalities and Optimal Input and 
Output Levels 


By Pair E. VINCENT* 


In two recent articles in this Review, James 
Buchanan and Milton Kafoglis [3] and Wil- 
liam Baumol [1] have reexamined the long 
accepted proposition that activities which 
exhibit external economies should be ex- 
panded in order to achieve a Pareto optimal 
allocation of resources.! Specifically, Bu- 
chanan and Kafoglis, employing the case of 
immunizations, suggest that where two 
parties each yield external economies to each 
other, i.e., the externalities are reciprocal, 
cooperative purchase of the immunizations 
may lead to a socially optimum position in 
which fewer immunizations are purchased 
than would be the case if each party acted 
independently. Furthermore, the outputs re- 
ceived by each party may be either lower or 
higher than in the case of independent ad- 
justment. 

In attacking the previously held proposi- 
tion, Buchanan and Kafoglis present a nu- 
merical counterexample in the form of a 
game theoretic matrix. While a counterex- 
ample is sufficient to prove their point, it 
does not indicate the general conditions which 
must be imposed on the loss functions in order 
to achieve their results. 

The following analysis generalizes the Bu- 
chanan-Kafoglis numerical examples, to 
show when fewer rather than more immuni- 
zations should be purchased by the two 
parties and when less, rather than more, out- 
put should be produced. In addition, some 
comments will be made on Baumol’s article 


* The author is assistant professor, University of 
Southern California, Research for this paper was per- 
formed while he was a postdoctoral fellow, Institute of 
Government and Public Affairs, University of Cali- 
fornia, Los Angeles. He is especially indebted to Robert 
M. Coen, Julius Margolis, Werner Z. Hirsch, James M, 
Buchanan, Morton Marcus, and Donald Shoup for 
comments on earlier versions and to an anonymous 
referee for perceptive questions, 

+ One version of this proposition can be found, for 
example, in Henderson and Quandt [6, pp. 214-16]. 


which extended and reinterpreted some of 
their results.? The main result proved here is 
that the existence of economies of scale in 
the production of benefits (outputs) from 
immunization is a necessary condition for a 
lower total number of immunizations (in- 
puts) to be purchased at the Pareto optimum, 
unless rather implausible conditions are 
placed on the form of the external effects for 
the examples worked out by Buchanan and 
Kafoglis and by Baumol. This assumption 
was not made explicit and appears to have 
been overlooked in both articles.? On the 
output side, it is proved for one of the orig- 
inal Buchanan and Kafoglis examples, that 
a reduced output level for both parties at the 
Pareto optimum requires that one party’s 
receipt of immunizations must be a more- 
than-perfect substitute for the other’s re- 
ceipt of immunizations. The latter strong 
substitution relationship was explored earlier 
by Buchanan and Kafoglis but was not used 
explicitly in their discussion of the reciprocal 
externalities case. 

Finally, it is suggested that Buchanan and 


2? The specific examples used by Buchanan and Kafog- 
lis and by Baumol are considered in detail in the Ap- 
pendix. 

* Referring to another example of reciprocal exter- 
nalities, Buchanan and Kafoglis indicate their conclu- 
sions in the following statement: 

If a municipal government should cease, forth- 

with, to provide any collective police protection, 

individuals would, surely, respond by hiring private 
policemen, guards, night watchmen. It seems quite 
likely that, in such a situation, total resource outlay 
on providing protection to life and property would 
be greater than under collectivization. The analysis 
here suggests that this might be true, even in the 
absence of scale factors [emphasis added]. In other 
words, even if private policemen should be em- 
powered to arrest thieves on property other than 
that of their employers, and even if police protec- 
tion is not provided at increasing returns to scale, 
collectivization might well reduce total outlay on 
policemen. [3, pp. 412-13]. 
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Kafoglis’s original insight that too much 
input and output may be employed and pro- 
duced under individual adjustment is indeed 
correct for another case where economies of 
scale are not a necessary condition.‘ 


I. A Model of Reciprocal Externalities 


The following model is based on the case 
of immunizations employed by Buchanan 
and Kafoglis in order to make the analyses 
readily comparable. Input will be defined as 
the amount of immunizations purchased; 
output will be defined as the reduction in 
costs due to incurring the illness for which 
the immunizations are purchased. In this 
hypothetical case of immunizations, two 
parties, A and B, each seek to’ minimize 
their own total costs associated with a par- 
ticular disease. They may purchase immuni- 
zations which have a cumulative effect 
within a given accounting period in reducing 
the chances and resultant costs of becoming 

\ au, these costs are the expected value of 
| missed work days, hospital bills, etc. 

Let 4L(a;b) be the total costs to A asso- 
ciated with illness when A purchases the 
level a of immunizations and B purchases 
ithe level b of immunizations. The argument 
'b, which is initially assumed not to be sub- 
ject to A’s direct influence, indicates the 
presence of external effects on A’s expected 
value function from B’s consumption level. 
A similar function may be written for B. 
| In the present case, this general expression 
for an externalities relationship for A may 
ne written explicitly as 

| aL = pa + 4C(a, b) 
where $ is the price of immunizations and 
aC(a, b) is the expected value of costs due to 


After this analysis was substantially completed, it 
sai discovered by the author that Olson and Zeck- 
[7] had previously discussed the papers of 
Rearen and Kafoglis and Baumol in the context of 
the economics of defense. Although they argued that 
internalization of externalities implies that production 
vill tend to be placed more with the most efficient pro- 
ducer of external benefits which may then lead to 
Buthanan and Kafoglis’s conclusions, they did not 
delye into the types of technical relationships explored 
here, 


illness at the levels of immunization, a and 
bs 

In contrast to the present algebraic for- 
mulation, the gaming matrix employed by 
Buchanan and Kafoglis illustrates the pro- 
cess of mutual adjustment which the two 
parties go through in reaching an equilibrium 
position when acting noncooperatively. How- 
ever, this gaming model does not seem par- 
ticularly valuable for investigating the con- 
ditions which must exist at the collective 
optimum or in comparisons with the condi- 
tions which must exist at the noncooperative 
equilibrium point.’ 

As Baumol [1, pp. 371-2] and others have 
suggested, externalities may be defined in 
terms of the effect of one party’s activities 
either on another party’s total costs (or 
welfare) or on the other party’s marginal 
costs. Both types may exist at the same 
time. An example of a total type of external 
economy would be, in the current notation, 
aCy<0 and a marginal type, 4Ca <0, where 


c aC dac ð?aC 
= —— an = 
AS ap ae aaab 


are the usual subscript conventions for the 
partial derivatives of the loss functions. The 
marginal and total types of externalities 
appear to be directly related to those exter- 
nalities which Davis and Whinston [5] term 
nonseparable and separable. There would be 
no marginal external effects if an externality 
relationship were separable. In their anal- 





5 The usually long lasting effects of immunizations 
and the attendant impact of time make a realistic analy- 
sis of the economics of a disease protection program 
much more complex than the simplifying assumptions 
permit, Assume here that a new set of immunizations 
must be purchased during each accounting period and 
that the decision on how many to purchase is based on 
expectations about the environment resulting from 
others’ purchase decisions for this period. It is also 
important to note that income effects are explicitly 
excluded in this analysis; individual utility functions are 
not considered. Thus the model’s results apply directly 
only to production or investment processes. The impor- 
tance of this assumption is discussed further in fn, 12. 

6 The equilibrium positions are assumed to be stable. 
Buchanan and Kafoglis note that various problems may 
exist within a strict bargaining context, e.g. the lack of 
existence of an equilibrium with strategic behavior or 
multiple equilibria [3, p. 410, fn. 8}. 
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ysis, Buchanan and Kafoglis indicate they 
assuming that the externalities are nonsep- 
arable [3, p. 408] and Baumol emphasized 
the marginal type [1, p. 371]. It is assumed 
herein that each party gives marginal ex- 
ternal economies to the other at every point 
along the cost curves which in the present 
notation is written as 


aCe <0 and pCa <O. 


A and B each seek to minimize their own 
costs. The first minimization process assumes 
that the two parties act independently as 
individuals; each adjusts his purchase of 
immunizations given his expectations of a 
given disease environment associated with 
the immunizations purchased by the other 
party over whom he has no direct influence. 

The first-order conditions for a minimiza- 
tion of costs by each party acting individu- 
ally are: 


aLa=ptaCa=0 and ply=ptal)=0. 


Then, 4Ca(Ginybin) =— p, and Callin, bin) 
= — p, where the subscript notation in indi- 
cates that the values of the variables are 
those existing when each party acts on an 
individual, noncooperative basis. 

The second-order conditions are: 


Ales = AC aa( Gia; bin) >0 
and 


aly = BCw(Gin, bin) > 0. 


This is analogous to the well-known condi- 
tion that, under this process of individual 
adjustment, there must exist diseconomies 
of scale (decreasing returns) in each party’s 
illness cost functions with respect to his own 
consumption at the cost minimization point, 
although the sign of the second derivative 
in this case is naturally the reverse of the 
usual result for treatment of a profit maxi- 
mizing firm with revenue and cost functions. 

In contrast, joint or cooperative minimi- 
zation, implying a movement to a Pareto 
optimum through internalization of the ex- 
ternalities, requires the minimization of the 
combined cost function, 


L=4L + sL = [pa + 4C(a; 8)] 
+ [pb + sC(b; a)]. 


The first-order conditions for a minimum in 
this case are: 


La = p + 4Ca t 2C, = 0 
L =p +4 + 2% = 0 
Then, 
ACa( Gxt, bjt) = — p — BCalaje, by), 
and 
BCo(ajt, bjt) = — p — aCetis bie), 


where the subscript jt indicates the values 
of the variables at the joint minimization 
point.” 

In the original Buchanan and Kafoglis 
illustrations, A consumes fewer immuniza- 
tions at the joint minimum than under indi- 
vidual minimization while B consumes more; 
but in total, they consume fewer immuniza- 
tions. Hence, assume that Gji < Gin, bjt> in, 
but @j:+b;:<ain+5in. The proof that the 
latter conditions require the existence of 
economies of scale over some range of A’s 
illness costs function entails a comparison 
between the levels of 4Ca(Gin,din) and 
ACa(Git, Dis). 

Lf 4Ca(ay1, bjt) <aCa(Gin, bin), then from the 
joint and individual first order conditions 


—p—sCa(ayt, bi < —p or BCa(ayt, bj.) >0. 


That is, for A to consume fewer immuni- 
zations under joint minimization, the ex- 
ternal effect of A’s consumption on B’s costs 
must be such as to increase B’s total costs, a 
type of external diseconomy. It is implau- 
sible, particularly in the case of immuniza- 
tions, that the impact of an increase in an 
activity yields external diseconomies with 
respect to another activity’s total cost curve 
given that there are external economies with 
respect to the latter’s marginal cost curve, 


7 It is assumed that compensation arrangements can 
be made such that the two parties each share in the 
gains a from cooperation. Complications intro- 
duced by the obvious possibilities of bargaining or when 
many parties are involved will not be explored here. 
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the latter condition having been assumed 
above to hold at all points,’ 

The alternative to this implausible condi- 
tion entails assuming that 


ACalaje, bje) > ACa(Gin, bin), 
BCa(Gyt, by) <0. 


Now we know that 4Ca(aia, bjd <4Ca(Gin, 
bin), Since «Ca <0 for all points and bje> bin. 


Hence, 


so that 


4Ca(ays, byt) > aCalin, bje). 


The latter condition implies that over at 
least some of the range between 4C.(a,2,b;:) 
and 4Ca(@ia, bje), there must exist economies 
of scale, i.e., that 4Caa <0 for some distance 
between aj: and Gin, holding b constant at bje 

Similarly, 4Co(ajs, bje) <4Calājn bin), since 
ACaa <0. 


Hence, 
ACa(Gjt, Bin) > 4Ca(Giny Din), 


and economies of scale must exist somewhere 
between &j: and Gin where b is held constant 
at bin? 

A careful examination of the numbers in 
the Buchanan-Kafoglis loss function matrix 
reveals that in part of the region between 
the individual and joint minimization points, 
the matrix entries do exhibit economies of 
scale.!° That is, the cost to party A at first 
declines at an increasing rate as the number 


3 James Buchanan and Earl Thompson have sug- 
gested to the author that specification of a particular 
type of total external effect of one activity on another 
would imply nothing about the sign of the marginal 
effect which is a purely technical matter. Of course, in 
e present case, the direction of the marginal effect was 
ecified first, and this leads to, assuming continuous 
t functions and derivatives, the statement on plausi- 
bility of signs in the text. The emphasis herein on the 
two different types of externality relationships, total 
aud marginal, appears quite consistent with Baumol’s 
detailed discussion of the definition of externality types 
i pp. 371-2] and with the inference to be made from 
juchanan and Kafoglis’s explicit reference to nonsep- 
arable externalities that (in the present usage) both 
marginal and total external economies are present. 
3 These results should not be interpreted as suggesting 
there is a necessary interdependence between the level of 
bland the existence or level of economies of scale in 4C. 
10 See the Appendix for an explicit examination of the 
counter-eramples employed by Buchanan and Kafoglis 
and by Baumol. 








of immunizations purchased by A increases 
(given B’s level). After A reaches the level 
of two immunizations, his loss function ex- 
hibits decreasing marginal loss reductions 
with increased immunizations. 

Baumol’s algebraic demonstration of Bu- 
chanan and Kafoglis’s point contains in effect 
the alternative assumption. His explicit wel- 
fare functions do in fact contain the result 
that there is less total resource use at the 
joint minimization point when each party 


yields marginal external economies. Yet one 


party’s welfare function is subject to external 
diseconomies in the total sense at this point, 
as well as at the individual minimization 
point. 

Although the condition of economies of 
scale may be plausible in many actual cases, 
this assumption is not made explicit in 
Buchanan and Kafoglis’s construction of the 
numerical example. Ordinarily, one might 
expect the standard assumption of decreasing 
returns to scale to hold unless specified 
otherwise. This result indicates that with 
cooperation use of the input will be reduced 
by the producer which exhibits economies of 
scale, a finding contrary to what might have 
been expected. 

With respect to comparative output levels 
at the individual versus joint minimum 
points, there is a further assumption im- 
plicit in one of the two examples of reciprocal 
externalities developed by Buchanan and 
Kafoglis. In their second example [3, pp. 
408-11], the total costs associated with ill- 
ness for each party, aC and sC, decrease 
upon moving from the individual to the 
joint optimum, i.e., 

AC (ajt, bjt) < aC (Gin, Dia), 
and 
BC (Gji, bjt) < BC (Gin, bia). 
Hence, 
AC (jt, by) — aC (Gin, bin) < 0. 


Subtracting and adding 4C(ays, bin) we ob- 
tain 


[4C (ase, bye) — aC (ajn bin) 
— [4C (Gin, Bin) — aC laje bin) ] < 0. 
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The first term on the left is the change in 
aC, holding a constant, in moving from bin 
to bj; (this term is negative assuming that 
there are total external economies at all 
points.) The second term is the change in 
aC, holding b constant, in moving from dj: 
to din (which is also negative since additional 
a always reduces 4C). From the direction of 
the inequality, the first term is greater in 
absolute value than the second. 

But it was assumed above that bi— bin 


<in— Gy. This indicates that the impact of a. 


given change in b on 4C is greater than the 
impact of a larger change in a in moving 
between the joint and individual minimum 
points. It appears correct to interpret this 
as a case of B’s consumption of inputs being 
a more-than-perfect substitute for A’s own 
consumption in A’s illness costs function, 
i.e., at some point A would have lower costs 
if B received one more immunization than 
if A received the immunization himself. This 
type of relationship—which is not entirely 
implausible—and its implications were ana- 
lyzed in the first part of the Buchanan-Kafo- 
glis article, but its importance to this par- 
ticular reciprocal externalities example was 
not indicated. 

As to B’s cost function, sC, it can be shown 
that it is feasible in the present case, i.e., 
where aj:<Gj, and b;:>bia, for gC to either 
rise or fall in moving from the individual or 
joint minimum without the more-than-per- 
fect substitute relationship. 


II. An Alternative Case 


To this point the analysis of the Buchanan- 
Kafoglis contribution has been rather criti- 
cal. However, the following case, which they 
did not examine, basically supports their 
original contention. 

In all, there are 16 possible case combina- 
tions of relative input and output levels in 
this two-party model of reciprocal exter- 
nalities, depending on whether the input and 
cost levels of A and B rise or fall in moving 
from the individual to the joint optimum. 
The analyses in Section I can be applied to 
all those cases where @y+by:<@int+din and 
either æ or b rises while the other falls. In 
this section, the case where both Git < Gm 


and bjt< bin is examined. Investigation of the 
inequality relations between 4Ca(Gin, bia) 
and 4C.(@;:, bje) as in Section I does not, in 
the present case, lead to the conclusion that 
economies of scale are a necessary condition 
for Gjt äis and bj<bin although it can be 
shown that economies of scale are a suffi- 
cient condition. There is a condition, how- 
ever, which must hold with respect to the 
relative impact of marginal externalities com- 
pared with the impact of decreasing returns 
in one’s own production of reduced disease 
costs. 

Once more, assume that 4C.(a;, 5;:)> 
4Ca(Gin, bin) in order to avoid the total ex- 
ternal diseconomies condition. 

Subtracting 4Ca(aia, bin) from both sides, 
we obtain 


[4Ca(aj., bje) = ACa(Gin, by) ] 
— [4Ce(Gin, bin) — 4Ca(ain, bj) ] > 0. 


Reasoning analogously to the proof in the 
latter part of Section I, and assuming that 
economies of scale do not exist, i.e., that 
ACaa> 0 throughout, while 4C,.<0, the first 
and second terms are both negative. Hence, 
the second term, which is the change in 4C, 
for a movement from };; to dia, given Gis 
constant, is greater in absolute value than 
the first. Now if bina —bj:<Gin—~ Gy, then the 
impact of additional b on 4Ca is greater than 
that of additional a in moving between the 
joint and individual minimum points. If 
bin—bj:> lin— Gjen then the impact of a on 
pC, will be greater than that of b by analo- 
gous reasoning. 

Although there is a similarity, this condi- 
tion is not the same as the more-than-perfect 
substitute relationship derived at the end of 
Section I on the output side. Rather the 
result suggests that if the (marginal) exter- 
nalities are sufficiently strong to outweigh 
the impact of decreasing returns in one 
party’s illness costs function, if is possible 
that the joint optimum will be such that 
both parties use fewer inputs than they did 
at the individual minimum." 


u It may be possible to interpret some of Baumol’s 
analysis as already having demonstrated this point. See 
especially his Theorem 2 [1, p. 364]. 


i 


On the output side, since both a and b are 
lower at the joint than at the individual 
minimum, 4C and sC are higher at the joint 
minimum. Thus, it is quite possible that 
outputs as well as inputs are overextended 
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in the case of reciprocal externalities given 


the marginal externalities, decreasing returns 


relationship derived above. 

This is a rather striking result and a va- 
riety of aspects of the problem were examined 
for other possible restrictions on the cost 
functions which might be necessary, e.g., 
relationships between total costs and the 
individual and joint optima, restrictions on 
the second order conditions. None was 
found. 

Thus, the proposition that the combina- 
ition or coordination of activities exhibiting 


recipr 


ocal external economies may lead to 


reduced input as well as output levels at the 


social 
relyin 


(Pareto) optimum does hold without 
g on the existence of economies of scale 


or a more-than-perfect substitute relation- 
ship.™ 


ments 


> The reader who has been following recent develop- 


in the literature on externalities may wish to 


contrast the above results with those of a recent ex- 


change 


between Williams [8], [9] and Brainard and 


Dolbear [2] on a closely related matter. As noted at the 


outset, 
effects, 


the model used specifically excludes income 
Williams (8] examines public expenditure benefit 


spillovers between two different communities. Benefit 
spillovers are essentially a type of external economy and 
the|social welfare functions of the two communities in 
his diagrams may be reinterpréted as utility functions 
for two different individuals. The existence of income as 


welllas 


substitution effects due to relative price changes 


are important in William’s argument that under certain 
conditions, cooperation between the two communities 
mayllead to reduced use of resources in producing the 


good| w. 


hich yields benefit spillovers. The latter result is 


essentially the same as that of Buchanan and Kafoglis 
for input use, although the Williams model further 
differs from the model of this paper in that the benefit 
spillovers are divisible, i.e., receipt of external benefits 
by nonmembers of a community reduces the benefits 
received by members of the community. 

However, Brainard and Dolbear [2] have pointed out 
that W 


illiams implicitly allows a redistribution of in- 


come (ie., one party’s real income is reduced) to occur 


betwee 
Hence 
suffers 


n the communities in arriving at his conclusion. 


ithe Paretian condition that neither community 


a real income loss in moving to a new allocation of 


resources where externalities are internalized is vio- 
lated in Williams’s derivation. In contrast, this condi- 


tion is 


tisfied in the above development. Thus the 
\ 
| 
| 


APPENDIX 


The Counterexamples of Buchanan and 
Kafoglis and Baumol 
The following presentations are taken di- 
rectly from Buchanan and Kafoglis and 
Baumol to demonstrate how their examples 
in fact conform to the points developed 
above. For simplicity, Buchanan and Kafo- 
glis will be quoted extensively since their 
description of the game theoretic model is 
quite compact. The following quotation 
refers to Table 1 which is based on Figure 
3 in their article [3, pp. 408-10]. 


... Each of two persons..., A and 
B, is presumed to be able to take any 
one of five separate actions, as indicated 
by the five-by-five matrix. ... Each 
person can either do nothing, as indi- 
cated by the ao row and the bo column 
in the matrix, or he may get one, two, 
three, or four shots. 

... players will attempt to minimize 
the payoffs shown in the matrix. In the 
upper left-hand corner of each square, 
we measure the expected value of the 
costs that catching the disease will im- 
pose on each of the two persons, A and 
B. These are determined by the prob- 
ability of getting the disease, given the 
level of immunization undertaken by 
each person, along with the costs of the 
disease, if it is contracted. These costs, 
for A, are shown without parentheses; 
those for B are shown with parentheses. 

. . . immunization shots are available 
at $10 each. In the lower left-hand 
corner of each matrix square [in Table 
1], the total cost of purchasing shots for 
each individua] are shown, again with 
those for B placed in parentheses. The 
expected costs of catching the disease 
plus the costs of getting the shots must 
be added to provide a single negative 
payoff for each individual. This addition 
is indicated in the lower right-hand 
corner of each square matrix. This total 
payoff will provide the basis for in- 
dividual decision under independent 
adjustment. 


Buchanan-Kafoglis proposition with respect to inputs 
appears to apply only to inputs in a production process 
and cannot be extended to the case of final consumption 
goods that are arguments in utility functions. 
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TABLE Í 





100 200 
(100) (50) 

ao 
0 100 0 & 

| (0) (100) | (10) (60) 
0 1460 45 110 
(70) (45) 

aq 
10 70 10 55 
© (70) | 09 69 
40 110 32 91 
(50) (29) 

Qa 
20 60 20 52 
© 0) | (1 @9) 
29 99 23 86 
(40) (23) 

a3 
3 59 30 53 
O 40) | (10) (83) 
20 9% 17 89 
(30) (22) 

a 
40 60 40 57 
O G0) | (40) (32) 


... The matrix is specifically con- 
structed so that a position of equilibrium 
is attained only when each of the two 
persons gets two shots; this is shown as 
the (a9b3) box, labeled as M. Should the 
private behavior of the two result in 
any other position being attained, at 
least one of the two persons would have 
some motivation for independently 
changing or modifying his behavior. 


However, if the two parties act coopera- 
tively, they may reduce their total costs 
from $78 at position M (see upper right- 
hand corner) to $65 at position E(aobs). 
Total purchases of immunizations by the 
two parties are reduced from four to three 
in moving to the latter Pareto optimal po- 
sition. 

Now the results on the necessity of econ- 
omies of scale when there are marginal 


60 120 





by 
45 88 20 68 
(23) (8) 

E 

0 45 0 20 
(20) (43) (40) (48) 
35 85 20 73 19 76 
(20) (13) (7) 
10 45 10 30 10 29 
(20) (40) (30) (43) (40) (47) 
23 78 19 77 18 84 
(15) (8) (6) 
M 
20 43 20 39 20 38 
(20) (35) (30) (38) (40) (46) 
18 82 17 83 16 91 
(14) (6) (5) 
30 48 30 47 30 46 
(20) (34) (30) (36) (40) (45) 
16 89 15 89 14 97 
(13) (4) (3) 
40 56 40 55 40 54 
(20) (33) (30) (34) (40) (43) 


external economies proved above are illus- 
trated by examining column b, which indi- 
cates the reduction in illness costs (upper left- 
hand corner of each box) as A’s consumption 
of immunizations increases from zero to four 
given that B consumes two immunizations. 
These costs for A fall according to the se- 
quence 45, 35, 23, 18, 16. The marginal re- 
ductions in costs are, hence, 10, 12, 5, 2; that 
is, there are initially economies of scale in 
terms of the impact of A’s own consumption 
of immunizations on A’s costs about the 
point (doba). This was proved for the general 
case above, given that there are total ex- 
ternal economies as well as marginal external 
economies. 

Since Table 1 is based on the second Bu- 
chanan—Kafoglis numerical example where 
less total input is used and more total output 
produced, it can also be used to illustrate the 
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point on the necessity of a more-than-perfect 
substitute relationship between a and b in 
A’s costs proved at the end of Section I. 
Movement between (aba) and (toba) —i.e. 
reducing A’s consumption of immunizations 
by 2—increases 4C by 22 (45-23). But then 
a movement from (doba) to (abs) reduces 
aC by 24, A one-unit change in b has a greater 
impact than a two-unit change in a on 4C. 
This more-than-perfect substitute relation- 
ship is perhaps better illustrated by noting 
that at point (abs), one more unit of b re- 
duces 4C by more than one more unit of a. 

In contrast, one of Baumol’s basic ex- 
amples actually makes the alternative as- 
sumption indicated above, i.e., that if econ- 
omies of scale are not present, then the 
externalities of the total type must be ex- 
ternal diseconomies. 

Baumol initially assumes an economy of 
three individuals with respective welfare 
functions 17, W, W, and activity levels 
1, a, and ay [1, pp. 368-9]."" The functions 
are defined as: 


iW = 2a0, — a + aa + 140; + 220s 
W = Sao, — a: + a; — 14a; + 5a, 
aW = 2G263 = a + a =s Saa = 22a, 


The activity levels are measured for con- 
venience as deviations from their optimal 
levels and may take on negative values. In- 
dependent adjustment by each individual 
requires that ıWı=:W:=;W;=0. Hence, 


iW, = 2a, — 2a, +14 = 0 
Wa = Say — 2a, + 5=0 
3W3 = 2a, — 2a; — 22 = 0 


Solution of this system of equations yields 
the competitive equilibrium values, a,=1, 
m=5, and q= —6. Economies of scale are 
not present in these welfare functions since 
iWy= —2, Wu —2, and Wa —2. 


38 Baumol’s analysis deals in terms of welfare func- 
tions to be maximized in contrast to the preceding dem- 
onstrations which dealt with costs to be minimized. 
However, the use of the term welfare functions may be 
somewhat misleading since the possibility of income and 
substitution effects do not arise in these formulations. 





When the three welfare functions are 
summed, the following social welfare func- 
tion is obtained. 


W =Wit Wet We= 213+ 5410.4 Jara, 


If the social transformation function is as- 
sumed to be a,+42-+a,=0, this social wel- 
fare function reduces to 


W = — 2a, + aia, — 243. 


Then the joint optimum is determined by 
setting the first derivatives equal to zero. 


Wi= —4a,+4=0 
W: = a, — 4a, = 0 


Hence, at this joint or social optimum 
@,=0,=0 and the activity levels a, and ag 
are both lower than those at the competitive 
equilibrium. 

However, although activity 1 yields mar- 
ginal external economies to activity 2 at all 
points (Wu=5), it yields total external 
diseconomies at the points where a,=0 (since 
2W1=5a,—14). This demonstrates that the 
Baumol model conforms to the results 
proved. 
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The Economics of Production from 
‘Natural Resources: Note 


By Ronatp G. Cummincs AnD Oscar R. Burt* 


Vernon Smith, in his recent article in this 
Review [1], attempts to provide “... a uni- 
fied theory of production from natural re- 
sources” encompassing production from ex- 
haustible, as well as replenishable, resources. 
There is some question, however, as to the 
general applicability of Smith’s model with 
reference to the optimum rate of production 
from exhaustible! resources, and therefore to 
his description of the optimum rate of invest- 
ment in these industries. The purpose of this 
paper then is twofold: first, to discuss the 
rather limited nature of Smith’s results con- 
cerning production and investment within 
the context of exhaustible resources; and 
secondly, to present a model that retains 
Smith’s emphasis on the interrelationship of 
capital and resource extraction, but one that 
conforms to the established theory concern- 
ing the economics of exhaustible resources. 
The model presented in this paper, however, 
focuses on the individual firm as opposed to 
the industry model presented by Smith. 


I. A Critique of Smith’s Model 


Consider a firm engaged in the exploita- 
tion of an exhaustible resource (e.g., a mine). 
H. Scott Gordon [2] and Anthony Scott [6] 
have shown that the firm motivated by the 
desire to maximize the present value of the 
stream of profits between the present period 
(t=0) and the time period that exhaustion 
occurs (t= t!) produces at a rate such that 


a) MI(t) = MR(t) — MC(t) = ue” 
for allt, 0<tX<t! 


* The authors are assistant professor of economics 
land professor of economics and agricultural economics 
‘at Montana State University. This article is a contribu- 
tion from the Montana Agricultural Experiment Sta- 
tion, Journal Series, No. 997. 

1“Exhaustible resources’, as used in this paper, 
refers to natural-resources, the supply of which is not 
haturally replenished over the time horizon under 
consideration. í 








where MR and MC denote marginal reve- 
nues and marginal costs at a given time t, 
and r is the appropriate discount rate for the 
firm. The constant g, within the Gordon- 
Scott framework, turns out to be marginal 
profits at the initial time period t=0. The 
term yet then satisfies Scott’s definition of a 
“user cost,” viz., “... the present value of 
the future profit foregone by a decision to 
produce a unit of output today” [Scott, 
6, p. 42], where “today” is defined as t=0. 

From the Gordon-Scott results, then, we 
see that the optimizing firm does not push 
production to the point where marginal 
profits are zero, rather, it postpones the 
current production of an incremental unit if 
the present value of the profits which the 
increment can earn at some future date are at 
least as great as those which can be earned 
“today.” Marginal profits would be zero at 
any t only in that special case where the 
present value of future earnings of an incre- 
ment (the user-cost) is zero. 

In Smith’s treatment of mining, the be- 
havioral assumption used is that firms equate 
price and marginal costs [7]. Pure competi- 
tion justifies price as equivalent to marginal 
revenue, and the firm is also assumed to 
neglect the influence that its rate of extrac- 
tion has upon future reserves of the resource. 
But this latter assumption is not palatable 
at all for a mine because typically a single 
firm has secure tenure in a resource stock. 
Further, as we have shown above, it has been 
well established in the literature on the eco- 
nomics of exhaustible resources that under 
pure competition, price is equated to the 
sum of periodic marginal costs and a user- 
cost that reflects the opportunity cost of an 
increment of the resource used in current 
production [6]. Therefore, Smith’s behavioral 
equation neglects the user-cost component 
of costs and implies an overly rapid rate of 
exploitation. 
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The one case of mining where Smith’s 
behavioral assumption may be applicable is 
in ground water mining for agricultural pro- 
duction. The number of firms engaged in 
production is relatively large and pumping is 
from a common pool so that each firm can 
logically ignore the impact that his own rate 
of withdrawal has on future reserves. This 
is one of the classic illustrations of a ‘‘com- 
mon property” resource.* 

With reference to investment in an ex- 
haustible resource industry, earlier work has 
simplified the production process either by 
amortizing capital expenditures and includ- 
ing them with variable costs, or by taking 
the physical plant of the firm as given. This 
approach has its merit in simplicity, but 
some interesting economic aspects of the 
problem are lost by not incorporating invest- 
ment decisions into the model as suggested 
by Smith. 

In Smith’s model, he concludes that if re- 
covery of the resource is profitable then capi- 
tal flows into the resource at a constant rate 
(7, p. 423]; in particular, at a rate determined 
by the equation 


0) É dK 
ge 
at 


where K is capital, $ the selling price of the 
resource, x° the optimum rate of production 
determined by the equality of MR and MC, 
and 6>0 is a behaviorial constant for the in- 
dustry. 

It has been suggested elsewhere in the lit- 
erature that the existence of excess profits, 
if they are expected to continue for some 
length of time, may attract resources for the 
purpose of exploration and the development 
of new deposits.’ For this purpose, equation 
(2) might well serve as a palatable behavior- 
istic assumption. But this seems incomplete. 
If price and extraction costs associated with 
the resource are such that profits are quite 
high, one might well expect existing firms to 


= d[px° — C(x] > 0 


2 For a succinct discussion of the “commonality” 
problem with reference to ground water, see Millman 
[5]. 

3 For an interesting discussion of the ramifications of 
exploration, see [8]. 


expand the capacity of operations at existing 
mineral sites. In this case, investment would 
be determined within a context including 
consideration of the optimum time path of 
recovery as well as expected prices and costs. 

What is needed then is an analytical 
framework in which the optimum rate of 
production and the optimum rate of addi- 
tion to capital stock are analyzed within a 
context that includes consideration of user- 
costs and other ramifications peculiar to the 
exhaustion problem. 


Il. The Mining Firm 


In this section a set of decision rules are 
derived concerning the optimum rates of re- 
source recovery and additions to capital 
stock for the profit-maximizing firm exploit- 
ing a mine. 

The following notation is used: 


State variables: 
=the amount of the resource in stock at 
time t 
ye= the firms’ 
Control variables: 


=the amount of the resource to be ex- 
tracted at time t 
v= additions to capital stock at time t 


capital stock at time t 


With reference to the above state and 
control variables, the following assumptions 
and definitions are used. 

It is assumed that the resource-stock 
changes (declines) in each period t by an 
amount equal to resource-use during that 
period, 


(3) Si Ly hy 


Similarly, capital stocks change by an 
amount equal to investment in period t, thus 


(4) Dett = Me 


The variable called capital stock is actu- 
ally viewed as an index of the degree of capi- 
tal intensity used in production. Such a 
measure of capital stock for the firm is ad- 
mittedly arbitrary and nebulous, but it is a 
useful abstraction. Most of the objections to 
its use can be easily overcome by introduc- 
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ing a vector of capital measures specific to 
the particular industry, and the analysis is 
changed very little, but the exposition is 
more tedious. 

Further, it is assumed that all variables are 
non-negative, and that 1 is bounded from 
above (at a particular t) by a capacity con- 
straint related to the amount of resource in 
stock and the amount of capital employed 
by the firm. The relationship is such that 
larger resource and capital stocks allow for 
larger rates of production. The constraint 
situation can be described mathematically 
by the inequality 


(5) m< h(x, yy), t=0,1,2,-- . 


In order to impose diminishing returns to 
either capital investment or holding of the 
resource stock, we assume that the function 
h(x, y) is concave; and of course, its first par- 
tial derivatives are non-negative. Both the 
control and state variables are restricted 
| to non-negative values. 
Let the firm’s profit function be of the 
form 


(6) TI*(t4, De, Xt, Vt). 


Equation (6) states that the firm’s profits 
|in any period depend upon the rate of output 
jand additions to capital stock during the 
period, as well as on the amount of resource 
‘and capital stocks available. 
| We assume that the firm’s objective is to 
maximize the present value of (6) over the 
ime interval t=0 to t=T, where t=0 is the 
starting point of our analysis, and t=T is 
the time at which exhaustion of the resource 
will occur. Discussion of how T is deter- 
mined is deferred until later. Thus, the firm 


j F 
wishes to maximize 


| T 
(1) Dy Dts 0 Su ya)/(1 + r)i, 
i tæt 
sbject to the constraints of (5), where x 
and yo are known constants, i.e., vo=a and 
YS b. This optimization problem can be 
treated within a “Kuhn-Tucker” [9] analyt- 
ical framework. The mathematical analysis 
is relegated to the Appendix and only the re- 
sults stated below. 
| : 
| 


. For notational convenience in what fol- 
lows, let subscripts on the functions It and 
k denote the ordered position of the argu- 
ment for partial derivatives, e.g., Alty y) 
=0h/dx, and Mahin, m, e ye) =OTl*/dn. 

If the resource is used at a positive level 
during period t, relation (A-10) (in the Ap- 
pendix) holds. Multiplication of that equa- 
tion by (1+r)* and transposing terms yields 


t 
Milte, Diy Liy Ye) 


T 2 imt 
(8) = >, Dilun v 2% D/H 


T i 
+A + >D Achilea yd/(1 + r) 


tomt+1 


The left-hand side of equation (8) is the in- 
crement in profits during period t that is 
associated with an increment in the rate 
of use of the resource stock during that 
period. The first set of terms on the right- 
hand side of equation (8) is the discounted 
sum of increments in profits associated with 
incrementing resource stocks in each period 
after t. This sum reflects a cost from using 
stocks in current production, the cost aris- 
ing from decreased levels of the resource in 
future periods and associated higher costs of 
production as the resource is depleted. 

The Lagrange multiplier, M, is the current 
marginal cost in sacrificed profits associated 
with the binding constraint s= h(x y+). If 
the constraint is not binding during period t, 
then ^ is zero. In general terms, ^ is the 
imputed cost in current value (period t) of 
the inequality constraints of relation (5). 

The last set of terms in the right-hand side 
of equation (8) is the discounted value of an 
incremental relaxation of the constraint in- 
equalities in future periods (later than t), 
where the relaxation is effected through an 
increment to resource stocks in each period. 
This set of terms is an indirect cost, via the 
constraints in future periods, of increasing the 
rate of depletion of the resource in period t. 

The entire right-hand side of equation (8) 
is the “user cost,” or opportunity cost, of the 
resource stock in period t when evaluated at 
the marginal rate of use. Notice that the 
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optimal production plan at period t is only 
dependent on resource and capital stocks at 
period t, and rates of depletion of the resource 
and capital accumulation in periods t and 
later. We have essentially a Markovian cri- 
terion function such that the two state vari- 
ables, resource and capital stocks, completely 
summarize all the decision processes up to 
period t. Knowledge of {u;} and {o;}, ¢<t, 
are not needed to derive an optimal produc- 
tion plan for period t, we need only the mag- 
nitudes of x, and +. However, optimal rates 
of production must be determined simul- 
taneously for all periods later than t in order 
to obtain the optimal rate for period t. 

Of course, capital accumulation rates must 
be derived simultaneously with rates of pro- 
duction of the resource. Equation (A-11) 
must hold for periods during which capital 
investment takes place at a positive level. 
Multiplication of (A-11) by (i+r)* and 
transposing terms yields 


t 
— lth, Dey ty Ye) 


(9) : = Tus, Di, Si, V) /(1 + rn 


= Ht 
+ D khen ydd/( +r) 
dmt-t I 


The left-hand side of (9) is the current mar- 
ginal cost of capital investments in period t, 
while the first set of terms on the right-hand 
side is the discounted (to period t) marginal 
value of capital stocks in all future periods. 
The last set of terms on the right-hand side 
of (9) is the discounted value of incre- 
mentally relaxing all future constraints on 
resource-use rates by means of incrementing 
capital stock in each future period. 

In summary, relation (9) can be inter- 
preted as the equating of immediate mar- 
ginal cost of capital investment with the dis- 
counted value of its rewards in future pe- 
riods resulting from its direct effect on the 
profit function and indirect effect through 
the constraint set (5). The direct effect on 
the profit function of future periods could be 
either positive or negative (IIj=0) since n is 
defined as net investment and thus the 


profit function must account for mainte- 
nance and replacement. 

Although our discrete time model does 
not permit us to take an analytical look at 
the optimal period of exploitation’, T*, we 
can give a cursory discussion of the possi- 
bilities. If T* is finite, then for any t>T*, 
#=2,=0. It is assumed that there is a cost 
associated with »,>0 and profits are zero for 
u,=0. Therefore, the above model is com- 
plete for any period T>T*, and we merely 
specify T as arbitrarily large. 

Difficulty emerges if the optimal period is 
infinite, which is certainly a possibility. If, 
after some arbitrarily large but finite time 
period, discounted profits are a mono- 
tonically decreasing function of time, the 
period T can be extended, but kept finite, 
such that the magnitude of the criterion 
function is essentially the same as for T — œ. 
In fact, the special case where the profit func- 
tion is independent of time per se can be 
covered rigorously by appealing to a general 
theorem of Bellman on the functional equa- 
tion of dynamic programming [1, p. 121]. 

No attempt is made here to present an 
industry model that utilizes (8) and (9) as 
behavioral equations of the typical firm. 
Mineral industries have been dominated dur- 
ing recent periods by technological change, 
both as it affects costs and derived demand 
for the resource. Any industry model would 
be very deficient without cognizance of the 
major influence of technical change, and the 
task of developing such a model is beyond us 
at this time. 


APPENDIX 


The optimization problem of the mining 
firm is to 


T 
maximize > HEC Dey Vey y)/0 + r): 
t=0 
(A-1) subject to 
ree 


A(t, y) <0 
Mt, Dt, Xt, We 0, t= 0,1,°°-, T, 


i The terminal time period T* is viewed as the time 
period at which exhaustion obtains under an optimal 
policy vis-a-vis the rate of resource exploitation. T* is 
“optimal” then in this sense. 
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where the variables are {m} and {n}, and 
the variables x, and y, are implicitly func- 
tions of to, ti, °° + th and Do, %,-°* +, Tea, 
respectively. The latter relationships follow 
from equations (3) and (4) in the text and 
the fact that xo and yo are given parameters. 

Iterating the difference equations (3) and 
(4) starting with t=1, 2, -- - , we get 


1 
ty = Xo — Dm tbs 
(A-2) iQ 


t-1 


I = Yo Lo 
im 


We form the Lagrangean expression 
F(u, 0,4) = 


T 
(A-3) > I(t, Ue, Ti y)/(1 + r)t 


T 
- 2 [n — (ae, YYA + rt 


' where x and y, are the functions in (A-2), 
and the discount factor (1-4-r)* is used in 
the t-th constraint equation to give the 
multiplier Ms a more convenient economic 

_ interpretation. Actually, the Lagrange mul- 
tiplier is M/(1+r)t, but we will be focusing 
on ` aS an economic measure and the in- 
‘clusion of the discount factor makes M a 
‘measure specific to period t instead of time 
zero. With #, v, à, and partial derivatives 
defined as vectors, necessary conditions for 
the optimization problem (A-1) are those of 
Kuhn and Tucker [9]: 


aF 
(A-4) — <0 
ðu 
ae aPN _ 
(as «(<) = 
aF 
(A-6) — <0 
ðv 
A-7) 5 0 
( (S 
A8 LR 
(A-8) a = 


(A-9) A (5) 0 
Or 

For notational convenience in what fol- 
lows, let subscripts on the functions It and 
k denote the ordered positions of the argu- 
ment for partial derivatives, e.g., hilu 4+) 
= 0h/dx, and W's(t, a, x1, yt) = OI*/dn. 

If at some period t, # is positive, relation 
(A-5) implies that 


T(t, Pe, 2u Y)/( + 7)” 


T A . 
as > Ialt, Diy Vs, y)/G + r) 


tomtp1 


ee) — AJU H rY 


T A 
— DS (ai v)A/( +r) = 0; 
fmmt-+1 
and likewise, (A-7) implies that for v posi- 
tive, 


T12(see, Ue, £e y)/( + 1)" 


T i ; 

ain t p2) Dalua 4, wi, Vi) /(1 + 1) 
T . 

+ 2 hali yA (L + n =0 


feat1 


If u, or v» is zero, the corresponding above 
equality is a “less than inequality.” A 
result of major economic importance follows 
from (A-9): should the constraint s < h(t, Y) 
not be binding in period t at the optimal mag- 
nitudes of the variables, the Lagrange multi- 
plier A; is zero for that period, and if >, is 
positive, 


(A-12) th = h(a, Vi). 
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The Stock of Money and Investment 
in the United States, 1897-1966 


By Wit1am P. Gramm AND Ricnarp H, TIMBERLAKE, Jr.* 


The last decade has seen an array of 
empirical studies for testing possible asso- 
ciations between the stock of money and 
relevant flow variables, such as consumption 
and income. These studies originated with 
the comparison by Milton Friedman and 
David Meiselman between the relative 
stability of monetary velocity and the auto- 
nomous expenditure multiplier; and they 
include the comments, criticisms, and further 
investigations the F-M study has provoked 
[1], [2], [4], [5], [6], [7], [8], [9]. 

For good reason, the original study by 
Friedman and Meiselman uses consumption 
rather than income as the dependent vari- 
able in estimating the relative stability of 
velocity and the multiplier [4, pp. 175-76]. 
While a persistently high relationship be- 
tween the stock of money and consumption 
is found, the Quantity Theory of Money 
nonetheless hypothesizes more generally that 
the stock of money is a major factor in the 
determination of total money expenditures.! 
A brief supplementary test is included in the 
F-M study using income as the dependent 
variable. However, no explicit examination 
of gross private domestic investment as a 
dependent spending variable is undertaken. 
Net private domestic investment is included 
lin the F-M definition of autonomous expen- 
ditures for testing the stability of the multi- 


* The authors are, respectively, assistant professor of 
economics, Texas A&M University and professor of 
finance, University of Georgia. They are indebted to 
the late David McC. Wright for suggesting this topic 
for investigation and to James Fortson for helpful 
comments on earlier drafts of this paper. They are also 
indebted to two graduate students, J. R. Conner and 
J. W. McFarland, for technical aid and leg work. 

| 1 The Friedman-Meiselman analogy of “. . . the half 

miler being required to run the mile race,” due to the 
use of consumption rather than income as the de- 
pendent variable in their analysis, is not necessarily 
valid [4, p. 176]. Since consumption is only a part of the 
total money expenditures to which the Quantity Theory 
applies, the miler in the F-M study is being asked to 
ma a race of something less than a mile. 


| 


plier. Since consumption correlates better 
with the money stock than does total expen- 
diture-income, Friedman and Meiselman 
conclude: 


The correlation between money and 
autonomous expenditures is so low that 
adding autonomous expenditures to 
consumption in order to correlate their 
sum (income) with money approxi- 
mates adding a random variable to a 
variable systematically related to M 
[4, p. 211]. 


In their criticism of the F-M study, 
DePrano and Mayer note that the problem 
involved in defining autonomous elements is 
complex because “even fixed private domes- ` 
tic investment might be endogenous” due to 
the acceleration principle [2, p. 732]. The time 
lags assumed in acceleration theory, how- 
ever, briag DePrano and Mayer to agree 
with F-M that fixed private domestic in- 
vestment must be regarded as autonomous. 

The purpose of the investigation made here 
is to test the effect of the money stock (the 
assumed independent variable) on gross 
private domestic investment, measured in 
both nominal and real terms. By analyzing 
investment as an induced and dependent 
variable, this study attempts to determine 
the impact of the stock of money on invest- 
ment and to assess the realism of the possible 
acceleration effect of money acting through 
consumption and income on investment, 

Changes in the stock of money, taken as 
the independent variable, may affect the 
dollar value of gross private domestic invest- 
ment in three ways. First, an increase in the 
stock of money, ceteris paribus, tends ini- 


3 However, in assessing possible routes for money in 
influencing spending, F-M state: “An initial increase 
in the stock of money will tend, via its impact on the 
demand for other assets, to produce an increase in 
money expenditures on all varieties of them and hence 
on both what is termed investment and what is termed 
consumption” [4, p. 220). 
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tially to lower the market rate of interest. A 
lower interest rate may induce more invest- 
ment spending because it allows investors to 
move out farther along their marginal effi- 
ciency of investment schedules. This effect 
may be designated as the interest-rate effect. 

Second, a neutral increase in the stock of 
money tends to produce a real balance effect 
in the business sector. One of the channels by 
which businessmen may attempt to disinvest 
themselves of cash balances is by expendi- 
tures on investment goods. This possible 
reaction may be labeled the business sector 
real-balance effect. 

Third, an increase in the stock of money, 
through the real-balance effect in the con- 
sumer sector, increases consumer spending. 
A change in consumer spending, given vari- 
ous production capacity constraints, may 
generate an inducement to further invest- 
ment spending—the familiar acceleration 
effect. 

At less than full employment, all of the 
resultant increases in investment almost cer- 
tainly would include both nominal and real 
elements. At full employment, any real in- 
crease would have to be at the expense of real 
consumption (forced savings). If only nomi- 
nal increases in investment were recorded, no 
utility would be gained in distinguishing the 
functional causes of investment from any 
other kind of spending. That is, the economy 
would simply experience a general price level 
effect. 

To test for these possible effects, the raw 
data for narrow money (M1), defined as the 
sum of currency and demand deposits out- 
side the banks and government, for wide 
money My, defined as M, plus time deposits 
in commercial banks, and for gross private 
domestic investment J are serialized annually 
and first differences taken. The data are 
then correlated for the various time periods 
shown in Table 1, a categorization similar to 
the ones used in other studies of this type. 
Correlation tests are run for first differences 
on both nominal » and real values r, the 
latter being nominal values adjusted by a 
price index. 

The results of the tests for first differences 
are shown in Table 1 under ru, and ray. 
The most striking feature of the nominal 


first difference correlation values recorded 
here is their close similarity to the first dif- 
ference correlations for the stock of money 
against income [9]. Correlation coefficients in 
both cases are approximately .80 for the 
periods of the 1920's and 1930's. Again, dur- 
ing the 15-year period 1938-53, values ob- 
tained both for money against investment 
and for money against income are not sig- 
nificantly different from zero. This similarity 
substantiates the credibility gap in recorded 
spending during the war years. In the late 
1950’s and early 1960s, first difference coeff- 
cients in both cases show recovery toward 
previous highs with values between .60 and 
.66. Only in the earlier decades does any 
significant difference show up. 

The reliability of this test is substantiated 
further by the contrasts of nominal » and 
real r correlations. When employment is 
continuously at a high level, real investment 
can increase at the same rate as money only 
if the rate of increase in money happens to 
correspond to the actual rate of investment 
or produces forced savings. Investment can 
increase rapidly, with concomitantly rapid 
increases in money, only when business de- 
pression has been pervasive. Under either of 
these circumstances, correlations for nominal 
and real values should be close together, and 
this effect is seen here during the 1930’s and 
1950's. 

When the stock of money increases rapidly 
at a time of relatively full employment— 
exemplified in this study by the 1913-20 
period’—increases in real investment being 
limited to the secular growth in resources 
cannot be expected to keep up the pace. 
However, nominal expenditures should in- 
crease due to the price-level effect. Under 
such conditions, therefore, a disparity be- 
tween the nominal and real values could be 
expected. The test results confirm this ex- 
pectation both for the 1908-21 period and 
for the 1913~20 period.‘ 


3 The 1938-53 and 1939-48 periods would provide 
similar test cases if the data for constructing the tests 
were reliable. Because these periods very probably 
contain spurious data, nothing can be gleaned from 
them. They neither prove nor disprove anything, 

4 In the 1920-29 period real values for M, and M; are 
markedly different, This difference is the result of a 
—.597 first difference correlation between changes in 
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TABLE 1—SImMPLE CORRELATIONS OF FIRST DIFTERENCKS IN Two Stoces or MONEY on Finst Divrerences 
OF INVESTMENT AND ON THE INTEREST RATE FOR BOTH NOMINAL AND REAL VALUES, SIMPLE COR- 
RELATIONS OF FIRST DIFFERENCES OF OTHER SPENDING AND OF THE RATE OF INTEREST ON 
INVESTMENT IN NOMINAL AND REAL VALUES, 1897-1966 








T4 Taty Tug? THAR ref rrr 
n* e # r " r n r n r n r 

1897—66 166 388 -161 237 006 

1897-66 
Exc. War 362 565 .350 .168 .071 

Years 

1897-08 |. 398 | .467 | .265 | 665 | .538 | 644 | 

1903-13 | .590 a 652| 485| .545| .338 


SOO 


1920-29 


















































1921-33 . ; i . l 
1929-39 „245 | 172 709 | .452 | .374 
| 1933-38 —.241 |—.267| .710} .385 | .040| .015 
; 1938-53 —.207 |—.574 |—.554 |—.728 085 |—.120 
| 1939—48 —.569 |—.747 |—.863 |—.865 
| 1948-57 138 |—.377 | .025 |—.078 
| 1958-66 .302 | .217 | .533 eet 
| 1929-6 1369 | .1241 .108 |—.285 





Siuvtes: Original data for the money supply M; to 1957 were taken from: U. S. Bureau oF THE Census, Historical 
Statistics of the United States, Colonial Times to 1957, Washington, 1960, Series X, p. 646. Data for the period 1958-66 
were taken from current issues of the Survey of Current Business and the Federal Reserve Bulletin. Data for money 
stock Ms to 1958 were taken from the Friedman-Meiselman study, [3, pp. 259-60]. Data for the period 1959-66 were 
taken from current issues of the Survey of Current Business. Gross Private Domestic Investment (I) and Gross Na- 

Product from 1929-50 were taken from: A Supplement to the Survey of Current Business, National Income, 
1951 ed., Washington 1951, p. 150, Data for the period 1951-66 were obtained from current issues of the Survey of 
Current Business and the Federal Reserve Bulletin. The data for Gross Private Domestic Investment for 1897-1928 
were| constructed from data found in A Study of Savings in the United States by R. W. Goldsmith, Princeton 1955, 
Other spending S$ was computed by subtracting Gross Private Domestic Investment from Gross National Product. 
The interest rate R on 4-6 month prime commercial paper for the period 1897-1957 was taken from the Historical 
Statistics of the United States, Colonial Times to 1957, Washington 1960, p. 654. Data for the 1958-66 period were taken 
from current issues of the Federal Reserve Bulletin. The price deflator was the consumer price index (1954 = 100). 

a Represents nominal values. 

b Represents real values. 

° R is the interest rate. 

S ih other spending. 


The remarkable similarity of money’s spending for so many years may be inter- 
effects on investment spending and on total preted in the several ways hypothesized 


real time deposits in commercial banks and changes in above. First, changes in money could effect 
real investment. changes in investment, which in turn might 


i 
\ 
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1. Multiplier 
Initial Change Final Effect 
Interest Rate 
“~~ Effect 
na 
Real Balance SAN 


‘N 


Effect E 


(Investment 


Causal Sequence: AM-» AI -» AY >= AC 
“as 


2. Accelerator 


Initial Change Final Effect 


Real Balance 
Effect 
(Consumption) 


Ve 





Causal Sequence: AM -» AC -> AY AI 
as 


3a. Classical Monetary 


Initial Change Final Effect (AY = AC + AT) 


Real Balance (ox) 
Effect 
(General) y 


y 
Causal Sequence: AM — AY 
3b. Classical Real 
AI = AY-AC = AS 


Causal Sequence: ôI— AS 
or AS-»AI 


FIGURE 1, DIAGRAM OF POSSIBLE MONETARY EFFECTS 
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provoke changes in income through a multi- 
plier. Second, changesin money might change 
consumption that in turn might effect 
changes in investment through an accelera- 
tor. Third, changes in money might prescribe 
both types of spending simultaneously. 
Fourth, measured investment spending and 
measured consumption spending may be in 
truth taxonomic identities drawn from the 
same homogeneized population, in which 
case if money associates well with one it 
would also correlate well with the other. 
Certainly, much of what is included in con- 
sumer expenditures, such as most consumer 
durables, is technically investment spending. 
A similar case may be made for much that 
is measured as investment expenditure in 
gross private domestic investment, due to 
the interdependence between consumption 
spending and depreciation and inventory 
changes. 

If income is to provoke an accelerator 
effect, or if investment is to generate a mul- 
tiplier, consumption spending should cor- 
relate positively with investment but with 
contrasting leads and lags. If classical be- 
havior is hypothesized, an increase in money 
should be expected to correlate with all nomi- 
nal spending simultaneously. In real terms 
at full employment, changes in investment 
should correlate negatively with other spend- 
ing (consumption).® (See Figure 1.) 

In one of the tests conducted here, changes 
in investment were staged to lag changes in 
the money stock by one year in order to test 
for hypothesized accelerator or multiplier 
effects. In every period this operation made 
positive correlation values smaller and nega- 
tive correlation values larger. The same re- 
sult was experienced in testing for the effect 
of money on income. These findings suggest 
a lag of less than a year in money’s effect 
both on what is labeled consumption and on 
what is labeled investment. 

The positive relationship between first 


ë To associate investment with income is to introduce 
spurious correlation. Thus, investment is correlated 
with other spending S. 

* The specific results of the lagged testa are not in- 


| cluded here. 
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differences in nominal money stocks and 
interest rates that shows up for all time 
periods except the 1930’s and 1940’s would 
seem to deny the generality of a Keynesian 
liquidity preference thesis. The positive 
values suggest that any presumed negative 
effect of changes in the quantity of money on 
interest rates is ephemeral, i.e., less than a 
year. As Friedman has pointed out in are- 
cent paper, an increase in the stock of money 
increases spending and prices and shifts the 
liquidity preference schedule to the right. 
When the money stock continues to increase 
pervasively and at more than a nominal 
rate, reasonable expectations of further price 
level increases give additional and positive 
impetus to interest rates [3, pp. 6-8]. The 
results of the test here support this conten- 
tion. 

While simple correlations between other 
spending and investment are consistently 
high in all periods, the simple correlations of 
first differences, rgr, are highly variable 
from period to period (see Table 1). In other 
tests run, in which investment was lagged 
one year behind other spending, simple 
correlations of first differences in most pe- 
riods were lower than those given in Table 1. 
One possible explanation for the results in 
Table 1 is the accounting necessity for other 
real spending to decline when real investment 
increases. In real terms the acceleration 
principle can hold only with unemployed 
resources. A rise in other spending, given 
capacity constraints, may produce a stimulus 
for investment; but at static full employ- 
ment, resources going to other spending 
units must decline for real investment to rise. 
The real, simple correlations of first differ- 
ences for the periods 1929-39 and 1933-38 
seem to exhibit the above mentioned proper- 
ties though the results are by no means 
consistent or conclusive. 

In general, the tests carried out by this 
investigation tend to deny the presence of a 
multiplier or accelerator. At the same time, 
they seem to substantiate the classical posi- 
tion that a change in the money stock affects 
all private spending without regard to the 
categories under which such spending may 
be defined. 
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Distributed Lags and the Effectiveness of 
Monetary Policy: Note 


By E. Paw Howrey* 


In a fairly recent paper [5], Donald Tucker 
has ably demonstrated that the responsive- 
ness of aggregate demand to monetary 
policy depends not only on the time form of 
the response of investment expenditure to 
changes in the interest rate but also on the 
response of the demand for money to interest 
rate changes. In particular, it was shown that 
a long distributed lag in investment response 
does not preclude the possibility that ag- 
gregate demand responds quickly to changes 
in the money supply. This argument was put 
forward to counter the prevalent notion that 
if investment expenditure responds only 
slowly to changes in the interest rate, the 
scope for contracyclical monetary manage- 
ment may be quite limited. While Tucker did 
show that a long distributed product demand 
lag is consistent with a rapid response of 
income to changes in monetary policy, the 
implication of this finding for the effective- 
ness of monetary policy was not explored. 

The purpose of this paper is to consider 
rather formally the relationship between the 
speed of adjustment of income to changes in 
the money supply and the effectiveness or 

` potential effectiveness of contracyclical man- 
agement of the money supply. This may 
, seem like a minor point for it might appear 
‘ to be intuitively obvious that the more 
. quickly income responds to variations in 
_ monetary policy, the more effective is con- 
tracyclical monetary management likely to 
be, provided, of course, the stabilization 
policy is designed properly. Yet, it has be- 
come increasingly apparent to students of 


* This research was performed in the Econometric 
Research Program at Princeton University with sup- 
port from the National Science Foundation (GS 1840) 
„and the Office of Naval Research (N00014-67 A-0151- 
‘0007, Task No. 047-086). While retaining full respon- 
‘sibility for any errors, the author would like to thank 
'W. J. Baumol, R. E, Quandt, L. G. Telser, and D, P. 
‘Tucker for their helpful comments on an earlier draft of 
this paper. 


economic dynamics that intuition can be 
very unreliable when it comes to the analysis 
of dynamic models, For this reason alone it 
seems desirable to subject this proposition to 
formal analysis. Moreover, as will be demon- 
strated by the analysis that follows, the 
proposition that monetary policy is more 
effective the more quickly income responds 
to changes in monetary policy is not true in 
general. 

The relationship between the speed and 
effectiveness of monetary policy is devel- 
oped here within the context of a simple 
stochastic model of income determination. 
The basic properties of this model are de- 
scribed briefly in Section I. The stabilization 
problem is explicitly formulated in Section 
II. It is assumed that the money supply is 
varied in such a way that optimal feedback 
control is applied to the system in order to 
mitigate as quickly as possible the effects of 
random disturbances. The residual variance, 
that is, the variance of income about some 
target level that remains even when the 
money supply is varied to minimize insta- 
bility, is derived and expressed as a function 
of the lag parameters of the system. An 
examination of this expression reveals that it 
is not true in general that the residual vari- 
ance is smaller the more quickly income re- 
sponds to changes in the money supply. 
Indeed, within certain limits, just the re- 
verse is true: the residual variance is larger 
the more quickly income responds to changes 
in the money supply. 


I. A Stochastic Model of Income Determination 


In order to explore the relationship be- 
tween the speed with which income responds 
to money supply changes and the (potential) 
effectiveness of monetary policy, it is neces- 
sary to introduce a dynamic model of income 
determination. The model that will be ana- 
lyzed here is Tucker's expositional model in 
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which distributed lags are included in the 
behavioral relationships. However, rather 
than retain the deterministic system as it was 
originally advanced, random disturbances 
are explictly introduced into the behavioral 
equations. The resulting stochastic system is 
somewhat more realistic [2] and provides a 
more suitable framework within which to 
discuss stabilization policy [4] than its de- 
terministic counterpart. 

The equations of the model are as follows 
[5, p. 435]: 


(1) I = (1 — j) (a1 + bY, + dri) 
+ flea t un 
(2) Cy = (1 — J) (a1 + be Yi) +701 + tn 
O KW=Hath 
(4) Mi= (1— mle +f. + gr) 
+H mM +u 
(6) M =M: 
where 


C= consumption expenditure; 
I=investment expenditure; 
Y =income; 
M*= desired money balances; 
M = money supply; 
r=interest rate; 
t= time subscript; 
j and m are lag parameters with 0<j, 
m<1; uw, ta, and v are random distur- 
bances. 


Since price and wage changes are ignored, 
this model is concerned with the impact of 
monetary policy on income and employment 
and thus applies to a situation in which 
income can expand without encountering a 
labor-force constraint. Both product demand, 
(C+), and the demand for money, (M*), 
are assumed to be stochastic rather than 
purely deterministic functions and each of 
these demands responds with a distributed 
lag to changes in the interest rate. The 
equilibrium conditions (3) and (5) require 
income and the interest rate to adjust each 
period so that the stochastically given prod- 
uct and money demands are satisfied. 

The dynamic characteristics of this system 


are determined by the simple distributed 
lags that are included in the demand equa- 
tions (1), (2), and (4) of the model. The lag 
parameters 7 and m have been introduced in 
such a way that the static and comparative 
static properties of the system are not 
affected by changes in these parameters. For 
example, if the random variable wm, is sup- 
pressed for the moment and investment ex- 
penditure is set equal to its lagged value, it is 
clear from (1) that the steady-state value of 
I does not depend on the lag parameter j. 
Although the equilibrium response of invest- 
ment to a change in the interest rate does not 
depend on the lag parameter j, the speed 
with which investment approaches its equi- 
librium value does depend on this parameter. 
The mean lag implied by the relationship be- 
tween investment and the interest rate is 
j/(i—j).1 This expression for the mean lag 
indicates that the response of investment toa 
change in the interest rate is quite rapid if 7 
is close to zero and is much slower if 7 is close 
to one. 

The final form of the equation for income 
can be obtained from the system of equations 
(1)— (5) by solving for Y in terms of M and 
the disturbance terms: 


1 The partial relationship between investment and 
the interest rate implicit in equation (1) can be written 


(A) (1 —jL)Iy = (1 — jdr 


(BB) L= (0d HjLHPL H. dr 


where L, the lag operator, is defined by Lyi=Je» It 
is clear from (A) that the equilibrium change in invest- 
ment corresponding to a unit change in the interest 
rate is d. From (B) it follows that (1—J) of this change 
takes place in the same period that the interest rate is 
changed, (1—j) j takes place in one period after the 
interest rate change and, in general, (1—7)j* of the 
change takes place in the nth period after the change in 
the interest rate. The mean lag of the distribution is 
therefore 


(C) 5 = (1— jf) Ding = 7/1 — J). 

ant 
In terma of the generating function of the lag distribu- 
tion, W (A) =(1—f)¢/(1—7A), the mean lag is given by 
(D) 6= W'(1)/W (1) 


where W’ (1) is the derivative of the generating function 
evaluated at A=1. 
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Y; — A Yem 
(6) = B+ D(M, — mM) + & 
where 
PNE ETEPEE: DAET 
1 — (1 — j) (bı + b: — df/ 8) 
(8) B= (1 — j) (a + as — de/g)A/j 
1—7)dA 
oy pel le 
(1 — m)gj 


(7) A 


A 
(10) 65 = Hh Du, 
Jj 


(11) se = sere + tn. 


It is clear from (6) that the time path of Y 
will depend on the path of M as well as the 
values assumed by the random variables # in 
the product market and » in the money 
market. It will be assumed that these ran- 
dom variables are mutually and serially un- 
correlated with zero means and constant 
variances denoted by o2 and o?. 

Within the context of this model, it is now 
possible to indicate quite precisely how the 
speed with which income responds to changes 
in the money supply depends on the lag 
parameters j and m. Suppose that M, ex- 
hibits a unit increase at t=1. The expected 
income response to this change in the money 
supply is 
Yi = Di —m)/( — A) 

+ Aim — A)/(1 — A) 


t=1, 2... 


(12) 


This is the path that income would follow if 
there were no disturbances in the system, 
that is, if #,.=»,=0 for all t. Now, as Tucker 
has pointed out, the second term on the 
right-hand side of (12) depends on the 
difference m~A. If m is equal to A, the re- 
sponse of income to a change in the money 
supply is complete in the same period that 


| the change in the money supply takes place. 


And this is true despite the fact that the 
product demand lag may be quite long (i.e., 


| j and therefore A may be close to unity’) 


3? From the definition of A in (7) it is easy to verify 
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provided the money demand lag is corre- 
spondingly long. This constitutes Tucker’s 
disproof of the conjecture that a long product 
demand lag implies that income responds 
slowly to changes in the money supply? 


II. Income Response and the Effectiveness 
of Monetary Policy 


We now come to the crucial question of 
this paper. Is there any reason to believe that 
stabilization policy is likely to be more 
effective the more quickly income responds 
to changes in the money supply? In terms of 
the model expressed in equations (1)-(5), it 
would be desirable to know if a small differ- 
ence between the generalized product de- 
mand lag (A) and the money demand lag 
(m) enhances the (potential) effectiveness of 
contracyclical monetary policy. One way to 
answer this question is to modify the basic 
system to include a plausible contracyclical 
money supply equation and then to compare 
the resulting time paths of income for differ- 
ent pairs of values of the lag parameters f 
and m. It is clear that the time path of in- 
come and hence the effectiveness of stabiliza- 
tion policy in general depends upon how 
well the specific policy that is followed is 
designed as well as the inherent limitations 
imposed by the economic system. In order 
to separate these two aspects of the problem 
as completely as possible, it is essential to 
include a control equation that is not de- 
termined on an ad hoc basis, but rather is 
designed to effect optimal control. 


that A =0 when j=0 and 4=1 when j=1. Moreover, 
sign [24/ajl=sign [1—bi—drtd f/g] for all j in the 
closed interval [0, 1]. Therefore 34/4 >0 and A can be 
taken as a proxy for j. This justifies the designation 
“generalized product demand Jag parameter” for the 
parameter A. 

3 This result can also be obtained by calculating the 
mean lag of the relationship between income and the 
money supply given in (6). It is not difficult to verify 
that 


0 = W'(1)/W (1) = AZ — A) — m/(1 — m) 


where W(A)=D(1—md)/(1—Ad) is the generating 
function of the lag relationship between Y and M. This 
expression indicates that in this model the mean lag 
between income and the money supply is the difference 
between the mean product demand lag A/(1—A) and 
the mean money demand lag m/(1— m). 
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Within the context of linear stochastic 
systems, it seems plausible to consider linear 
stabilization policy that is designed to 
minimize the variance of income. Returning 
to equation (6), the final form of the income 
equation, it is necessary to determine a con- 
trol loop on M+ which minimizes the vari- 
ance of income.‘ In order to derive a mini- 
mum variance control equation, it is as- 
sumed that the full employment level of in- 
come, Fi, is known in advance, but that the 
money supply for period t must be deter- 
mined at the end of period t-1 before the 
actual level of income for period t is known. 
The minimum variance control equation 
based on this one period inside lag of mone- 


tary policy is 


(13) My =mM + (Ys — AFi — B)/D. 


Tt is clear that this is the minimum variance 
stabilization policy since it estes the in- 
come equation to 


(14) nenta 


which indicates that actual income differs 
from full employment income by an amount 
that depends on the unpredictable distur- 
bances that occur in the current period. 

From this last expression, it is apparent 
that the variance of income with optimum 
control is simply the variance of the com- 
posite disturbance term e, defined in equa- 
tion (10). The variance of «& provides one 
measure of the potential effectiveness of 
stabilization policy; the smaller the variance 
of e, the more effective is the stabilization 
policy. In terms of the parameters of the 
model specified in (1)-(5), the variance of 
& is given by 


(15) o = (A/) ou + Do 


‘ Here we abstract from the fact that it is not pos- 
sible to control the supply of money directly. Since 
the monetary authority has only indirect control over 
the amount of money in existence, it might be reason- 
able to add a disturbance term to this equation to reflect 
the fact that the desired change in the money supply is 
imperfectly achieved. This is left as an exercise for the 
reader. 
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where o2 (o°) is the variance of the distur- 
bance term in the product demand (money 
demand) equation. By differentiating this 
variance expression with respect to the lag 
parameters 7 and m, it is possible to deter- 
mine the relationship between the effective- 
ness of monetary policy and the speed with 
which income adjusts to changes in the 
money supply. It is easy to verify that 


(16)  dae/am = 2D r/(1 — m) 


which is clearly positive. This shows that the 
residual variance, that is, the variance of 
income which remains with the most timely 
stabilization policy, increases as the money 
demand lag increases.’ 

This is sufficient to demonstrate that it is 
not true in general that monetary policy is 
more effective the more rapidly income re- 
sponds to changes in the money supply. In 
order to see this, consider two economies 
which are characterized by the system of 
equations (1)-(5). Suppose that the only 
difference between the two economies is that 
money demand responds more quickly to 
changes in the interest rate in one economy 
that in the other, i.e., m <m. If A, the gen- 
eralized product demand lag parameter, is 
greater than m, it follows from equation (12) 
that in economy two, income responds more 
quickly to changes in the money supply than 
it does in economy one.’ However, we have 


$ This result has been derived on the assumption that 
the disturbances in the product and money markets are 
uncorrelated. If the covariance between # and 9, ow, 
is not zero, the variance about the full employment 
level of income is 


(15) oi = (A/f)'on — ADA fous + Doe 
the partial derivative of a2 with respect to m becomes 


(16) 86:/8m = — 2DAow/j(i — m) + 2D'o./(1 — m). 


This shows that if the product and money market 
disturbances are negatively correlated, the conclusion 
derived in the text continues to hold. However, if these 
disturbances are positively correlated, the result in the 
text could be reversed. 

t In terms of the mean lag defined in footnote 3, the 
average lags in the effect of monetary policy for the two 
economies are 


6, = A/(t ~ A) — mi/(1 — m) 


and 
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just seen that the residual variance of in- 
come is larger when the lag parameter m is 
greater so that with optimal monetary con- 
trol the variance of income is larger in econ- 
omy two than in economy one. Therefore, 
monetary policy is more effective in economy 
one than in economy two even though in- 
come responds more slowly to changes in the 
money supply in economy one. This shows 
that a slow income response can actually 
increase the effectiveness of monetary policy. 


Il. Concluding Remarks 


From this analysis of a linear stochastic 
model in which investment demand and the 
demand for money exhibit distributed lag 
responses to changes in the interest rate, we 
conclude that it is sof true in general that 
monetary policy is likely to be more effective 
the more rapidly income responds to changes 


6. = A/(1 — A) — ms/(1 — ma). 


With m<m<A, it follows that 4.>&>0. For ex- 
ample, if A =.9, m=.5, and m:=.8, the corresponding 
average lags are 6,=8 and &=5 so that monetary 
policy works more quickly in the mean lag sense in 
economy two than in economy one. 
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in the money supply. It is entirely possible 
for a well conceived stabilization scheme to 
effect a greater reduction in the variance of 
income about some target level if income re- 
sponds slowly to money supply changes than 
if it responds quickly. Thus a rapid response 
of income to changes in monetary policy is 
not a necessary condition for stabilization 
policy to be effective. 
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The Interaction of Tariffs and Quotas 


By Tsvt Ormm* 


Several recent papers [1], [2], [3], [4] dis- 
cussed the equivalence of tariffs and quotas. 
The present note deals with the case of both 
a tariff and a quota being applied to the 
same good, and their interaction is explored. 
In contrast to the earlier papers, it is as- 
sumed here that the local producer is a 
monopolist, whereas imports (though limited 
by the quota) are traded under competitive 
conditions. It will be shown that, under such 
conditions, certain paradoxical results ob- 
tain: an increase in the tariff may cause a re- 
duction in price (with increased domestic 
output), and it may lead to a reduction in 
domestic output (with a higher price). An 
increase in the quota may reduce, or even 
eliminate, actual imports and raise domestic 
production. 

A local monopolist is faced with the com- 
petition of imports which are limited by a 
quota. The supply of imports, up to this 
limit, is perfectly elastic at the “import 
price” which includes a tariff. The analysis 
of the situation is based on the diagram of 
Figure 1. The market demand curve is D’D; 
the monopolist is faced with a demand curve 
net of imports, A BCD (where BC equals the 
quota). The corresponding marginal revenue 
curve of the monopolist is AEBCFG. This 
MR curve is intersected thrice by many 
marginal cost curves; two alternative curves, 
MC, and MC,, are drawn in, with points of 
intersection Hi, I J and Hs, Is, K respec- 
tively.! In such cases there are two local 
profit maxima. At one of these (at Hı or Ha, 
respectively) the quota is effective? and fully 


* Hebrew University, Jerusalem, 

1 Strictly speaking, the MR curve is discontinuous 
and composed of the three segments; AE, BC, and FG. 
The loose language of the text is used because it is con- 
venient—and innocuous—to regard points like K as 
points of intersection of MC and MR. 

2 “Effective” means being the determining factor for 
imports, price, and domestic output. Obviously, there 
is always one such factor—either the quota or the tariff 
is effective. 


utilized, with the local producer monopoliz- 
ing the residual market (with the market 
price exceeding the import price).? At the 
other (determined by J and K, respectively) 
the tariff is effective, and the market price 
equals the import price. There are two sub- 
cases. If MC intersects MR in segment BC 
(e.g, MC, at J), there are some imports, 
and the local producer is in a situation of 
perfect competition. But if the intersection is 
in segment CF (MC, at K), there are no im- 
ports and the local producer exercises some 
monopoly power, albeit reduced by the po- 
tential competition of imports.‘ 

Which of the two local maxima is the 
maximum maximorum? This can be deter- 
mined in Figure 1 by a comparison of areas.’ 
With S(ZAiW,)>S(ABJ), maximum profit 
will occur at Hand with S(EH J) <S(LBJ), 
it will occur at J; similarly, for the compari- 
son of S(#H2I2) and S(1;BCK). In Figure 1, 
both MC, and MC, are drawn so as to make 
the compared areas equal, thus indicating 
the borderline situation of equal maximum 
profits at Hı and J (and at H, and K). Any 
decrease in either quota or tariff will move 
the overall maximum to H, (or H;), and any 
increase in either of them to J (or K). 

From the proceeding analysis, one can 
directly derive the effects of changes in the 
quota, the tariff, or production costs on the 
level of imports, domestic market price and 
domestic output. These results are pre- 
sented below in diagrammatric form, with 
brief comments added. 

In Figure 2, the dependent variables are 
plotted as functions of the quota, Q. With 


2 Windfall profits accrue to recipients of import 
licenses. 

+ With constant or falling marginal costs, an inter- 
section as at J does not indicate a local profit maximum 
—indeed, with falling MC such an intersection cor- 
responds to a profit minimum. 

5S (ABC...) is used below to denote the area of 
the polygon ABC,... 
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Q<Q1, the quota is effective. At Q=Q,, 
there are discontinuous changes, as the 
monopolist switches his maximizing policy 
and moves from H; to J (Figure 1), or from 
H, to K. As long as the quota was small 
enough, the domestic producer could afford 
| to let in those limited imports and extracted 
| the monopoly price from the residual mar- 
ket. But once the quota exceeds Qi, it is 
more profitable for him to limit imports by 
cutting his price to the level of the import 
price. Imports fall to JC (Figure 1 with MC) 
ior even to zero (with MC,). Thus, with 
Q>(Q, the tariff becomes effective, and fur- 
ther increases of the quota have no effect. 
Let us look at the situation again in terms 





i 
i 
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FIGURE 1 


of imposing an effective quota (reducing Q). 
The quota frees the monopolist from the un- 
limited competion of imports and enables 
him to monopolize the residual market. It 
should be noted that if (as in Figure 1) MC 
cuts D’G below the import price, any effec- 
tive quota will reduce domestic output be- 
low the no-quota leveli This case is depicted 
in Figure 2 (c) by the continuous line; the 
alternative case is shown by the broken line. 

In Figure 3, the dependent variables are 
plotted as a function of the tarif, T. Here 
there are four different regions. For a low 
tarif, 0> T>T, it is the quota which is 
effective. At T=T), there again occurs the 
switch from H, to J (or from Hy to K). At 
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FIGuRE 2 


this stage, the import price has risen enough 
so that it pays the monopolist to cut his 
price to the import price level, thereby ex- 
panding his output and competing with im- 
ports; the latter are reduced (with MC;) or 
even eliminated (with MC). With T in- 
creasing further, the point of intersection J 
gradually moves toward C, finally coincid- 
ing with it when T= T}. With a flat enough 
cost curve, (MfC;), this second region would 
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Ficure 3 


be absent. In the third region, MC inter- 
sects MR on the segment CF. Actual im- 
ports are zero, but their potential competi- 
tion limits the market price to the (gradually 
rising) import price. This region exists in- 
dependently of the imposition of a quota; 
here, the monopolist fixes his price so as to 
keep out competing imports, and any in- 
crease in the tariff enables him to raise his 
price accordingly, with a corresponding re- 
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duction of his output. Finally, with T>T, 
imports are priced out of the market and a 
simple monopoly situation is created. 

For the sake of completeness, Figure 4 
shows the effect of changes in domestic pro- 
duction costs, in the form of proportional 
increases of input prices (P). The first region 
corresponds to MC intersecting MR on FG, 
the second to an intersection on CF, the 
third (which may be absent) to one on BC. 
At P= P,, there occurs the switch from J 
to Hı. In the fourth region, Hı moves up- 
wards on AE. Finally, when P= Py, domes- 
tic production is priced out of the market. 
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Decentralization Under Workers’ Management: 
A Theoretical Appraisal 


By JAROSLAV VANEK* 


The purpose of my paper is to carry out 
a theoretical appraisal of a labor-managed 
economy of the Yugoslav type. In my opin- 
ion, it is this type of economy that repre- 
sents, by and large, the true aspirations of 
reformers in eastern Europe. - 

There is full justification for such an en- 
deavor. On the one hand, the empirical 
studies which we have on the subject are not 
fully conclusive; on the other, even if quanti- 
tative results fulfilled some accepted criteria 
of statistical significance, we still might want 
to verify them through a theoretical evalua- 
tion. Moreover, it ought not to be forgotten 
that the Yugoslav experiment is unique and 
comparatively young. To compare its real 
performance with that of systems which 
have been tried in a large number of in- 
stances over long periods, is not quite fair. 
At least as a supplement to the empirical 
studies, it is thus necessary to compare the 
corresponding theoretical models. 

Besides the direct and practical objective 
of my paper, related to the economies of 
eastern Europe, there is also the more ac- 
ademic question of the theoretical literature 
on the subject at hand. The latter, although 
of excellent quality, is extremely limited. In 
fact, there are only two important articles 
on what I would call economics of labor 
participation—those by Benjamin Ward 
{7] and Evsey Domar [3]. These authors do 
not make anything near a full evaluation of 
an entire economic system. And yet, the 
findings emerging from such a limited cover- 
age often are taken as characteristic of the 
efficiency of the system. For example, Ward’s 
perverse supply elasticity in the short run is 
taken by many as the proof of the absurdity 
of labor management. Perhaps the best and 
most authoritative illustration of the overall 
pessimism regarding the labor-managed econ- 
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omy is contained in Abram Bergson’s more 
recent evaluation of market socialism [2]. 

At this stage of the argument, I do not 
want to dispute any specific points regarding 
the labor-managed economy; that will be 
done explicitly or by implication later in our 
discussion. I only want to contend that to 
appraise an economic system it is necessary 
to consider all of its major aspects. And this 
is what I propose to do. 

The task would be an impossible one if 
each point were to be fully explained or 
proven. Fortunately, I have produced a more 
complete analysis elsewhere [5], [6], and 
thus I can restrict myself here to the pre- 
sentation of the main conclusions, supple- 
menting these with brief indications of the 
underlying reasoning. I will further limit 
my analysis by concentrating on questions 
of global economic efficiency, leaving out, as 
much as this is possible, the mechanics of the 
system. 

I will first consider what may be referred 
to as a dehumanized model where, as in 
conventional capitalist theory, labor is con- 
sidered merely a factor of production, of 
constant quality, exogenous to the system. 
This is done in Sections I and IT. In Section 
III, by contrast, I discuss some of the most 
important special dimensions which emerge 
from the participatory nature of labor man- 
agement. The principal objective of the re- 
maining section is an overall evaluation of 
the labor-managed system in comparison 
with other major world systems. - 


I. The Pure Model 


In what I call the pure model, I make basi- 
cally the same assumptions as those under- 
lying the contributions of Ward and Domar 
noted above. They can be summed up as 
implying a perfect, competitive and smooth 
neoclassical world in which the moving force, 
contrary to the capitalist situation, is maxi- 
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mization of income per laborer. There is only 
one type of labor, perfectly homogeneous, 
and active only as a factor of production. 
The only characteristic emanating from 
labor management is income sharing and the 
behavioral principle of maximization just 
noted. It should be clear from the outset that 
an economy thus defined is far from the 
complex reality of Yugoslavia, or any other 
economy adopting labor management; how- 
ever, in my opinion the assumptions capture 
the ideal form of the economy, and thus 
their implications should be studied as a 
first step in any comprehensive evaluation. 

To deemphasize the single firm approach 
used by Ward and Domar, it may be desir- 
able to reverse the process, and start with 
the discussion of a complete full employment 
general equilibrium solution of the labor- 
managed economy (situations involving un- 
employment will be taken up in the next 
section). 

Let our starting point be the ideal condi- 
tions of perfect competition and full em- 
ployment. We may make the observation 
that when all firms of an industry use the 
same technology and free entry is guaran- 
teed, the labor-managed economy will be 
Pareto optimal. In other words, just like its 
ideal capitalistic counterpart, the labor- 
managed economy will be producing the 
maximum producible output from given re- 
sources, and the maximum social satisfaction 
for a prescribed distribution of income.! These 
conclusions follow from the fact that com- 
petitive labor-managed firms equalize factor 
marginal products to factor returns for all 


i factors including labor, from competition in 


nonlabor factor markets, free entry of firms 
and identical technologies. 





By contrast, as has been pointed out by 
Ward [7], if technologies of different firms 
within an industry are different, the opti- 
mum solution will not be reached by the 
abor-managed economy because the equilib- 
rium behavior will not lead to equalization 
of marginal value products of labor among 
firms. In this context the capitalist alterna- 


1 We will speak of the distributional effects of labor 
management in Section HT. 
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tive appears as superior, on the assump- 
tions made. Of course, if imperfections in the 
labor market are permitted, the differences 
in marginal productivities of labor among 
firms and industries may be just as impor- 
tant. In any case, the comparative ineffi- 
ciency of the labor-managed case here dis- 
cussed should not be too pronounced. In 
fact, the labor-managed firms are all bound 
to operate at a point of maximum factor 
productivities (i.e., where their technologies 
are linear-homogeneous), the comparative 
shortcoming being merely imputable to the 
fact that the more efficient ones do not pro- 
duce enough. Moreover, as we argue later in 
Section III, labor-managed economies will 
normally be in a much better position to 
proliferate the best technology throughout 
the industry. Finally, even if in the case 
studied the labor-managed economy will pro- 
duce less than the capitalist with identical 
factor endowments, it can be shown that it 
will generate a stronger demand for, and 
correspondingly higher returns to, capital. 
Thus accumulation and growth may pro- 
ceed at a higher rate, leading to more output 
and more consumption over time. 

While recognizing the abstraction and 
lack of realism of all of the pure theory pre- 
sented in this section, it may be said that the 
perfectly competitive model just discussed 
is the least realistic. Indeed, the require- 
ments of product homogeneity and a very 
large number of sellers (producers) are satis- 
fied only in a few industries. Much more 
frequent is some degree of monopoly power 
coupled with product differentiation and, in 
many instances, active sales promotion. It is 
in this context that, I believe, Ward’s earlier 
conclusion of greater restrictiveness of labor- 
managed monopolies, while formally correct, 
is misleading when we want to evaluate the 
theoretical performance of the system. 

It is true that if the government or some 
other external agent were to set the number 
of firms for each industry at one, such a 
monopoly would be, ceteris paribus, more 
restrictive and thus socially more harmful 
than a capitalist monopoly. But in the real 
world monopolistic tendencies and market 
power are hardly ever of this type. Rather 
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they derive from the fact that efficient pro- 
duction is consistent with only a limited 
number of firms given the size of the market, 
the desire of firms to accumulate and grow, 
the artificial creation of barriers to entry, 
etc. 

If viewed in this more realistic context of 
the entire industry, one can make a case for 
labor management which is strong indeed. 
On grounds of several arguments, labor 
management can be expected not only to 
yield market structures more competitive 
than any other free economy, but also pre- 
vent a good deal of wasteful and harmful 
sales promotion. The first and perhaps sim- 
plest argument is that with an increasing 
scale of operation, the benefits from partici- 
pation—incentives, identification, and in- 
volvement—will tend to diminish. 

Thus it can be expected that, all other 
things being equal, the point of maximum 
efficiency, which also is the point of long-run 
equilibrium for a labor-managed firm, will 
be reached for a lower level of output than 
for a firm operating with a hired labor factor. 
And thus, figuratively speaking, there will 
be room for more firms in a given industry. 

The next point also hinges on the most 
efficient scale of operation. The labor-man- 
aged firm will never grow beyond that scale, 
whereas a capitalist firm often will; its growth 
being governed, even after greatest technical 
efficiency is reached, by the desire for profit 
maximization. Two extreme situations may 
further clarify the essence of this argument. 
Consider an ideal firm operating under con- 
stant returns to scale and facing a constant 
price yielding positive unit profits under 
capitalism. The equilibrium level of opera- 
tion of that firm, if capitalist, is (at least in 
theory) infinite, while if labor-managed, it 
is finite and indeterminate at any level of 
operation. The simple crux of this deduction 
is that while the first firm must grow in- 
definitely to maximize profits, the second 
maximizes income per laborer at any level 
of operation. The other extreme situation is 
similar to that just described except that the 
firms in question face a less than infinitely 
elastic demand function. In that situation 
the capitalist monopoly, as is well-known, 
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will find its equilibrium where the marginal 
(and average) cost reaches the marginal 
revenue; whereas the labor-managed firm 
must’ operate at zero output, or, more realis- 
tically, with only one employee; indeed, as 
the reader will easily verify, under the as- 
sumed conditions income per laborer will be 
maximized with only one member of the 
labor-managed firm. Clearly, under the as- 
sumed conditions it would take a very large 
number of firms to fill the industry (with a 
reasonable return to labor), but by the time 
such a large number would enter, the market 
power of each firm would become very low or 
disappear altogether. 

Probably the most significant comparative 
advantage of the labor-managed oligopoly 
arises in connection with product differen- 
tiation and sales promotion. It can be shown 
that the labor-managed firm will in equi- 
librium produce less and engage in a less” 
intensiveadvertising campaign thanan equiv- 
alent capitalist firm as long as the latter 
makes positive profits, a condition which 
obtains virtually without exception. Espe- 
cially if we realize that it is precisely the more 
extreme doses of exhortational advertising 
that constitute the heaviest social costs, the 
advantage of the labor-managed alternative 
is considerable. Not only can we expect a ` 
significantly less concentrated industry, but 
the external diseconomies, mind pollution, 
etc., should be significantly reduced or com- 
pletely eliminated. 

The last point deserving mention is based: 
on the simple notion that there is a far 
greater desire within democratic structures 
to decentralize than in nondemocratic ones. 
For example, even with very small or no 
economies of scale, a capitalist, or for that 
matter a Soviet-type, firm will tend to retain 
its centralized organization, whereas the 
labor-managed one will attempt to subdivide 
itself into autonomous decision making and 
production units based on location or other 
functional characteristics. I am quite con- 
vinced that this tendency is present with the 
labor-managed alternative for other reasons 
than the stronger production-incentive of 
small groups. l 

Finally, before concluding this section, we 
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ought to reconsider Ward’s negative supply 
elasticity, and discuss that and related is- 
sues in the context of general equilibrium 
efficiency. It is true that if short-run reactions 
of competitive firms were as posited by Ward, 
the resulting inefficiency could be quite con- 
siderable, and what is equally important, at 
least some markets could become unstable. 
The contention which I want to argue below 
is that matters are far from being so bad. 
First of all, we have the two arguments 
made by Domar: One, with more than one 
product by the firm, even short-run elasti- 
cities can be positive and quite high for an 
individual product; two, even with only 
one product the supply elasticity in the short 
run must be positive if the firm operates 
with an (active) external labor supply con- 
straint, reflected by a labor supply function 
of finite elasticity [3]. In addition, there is 
the problem raised by Joan Robinson [4] in 
her critique of Domar. Using my own words 
to push the argument a step further, how 
can one reasonably expect that a working 
collective will mutilate itself (kicking out 
isay 1/10 of the membership), if it has al- 
iready realized a significant gain from a price 
lincrease, say 10 percent of income, for the 
sake of gaining an extra, say, one percent? 
deed, this sounds like an extract from a 
book of rules of capitalist conduct. While 
what underlies the above rhetorical question 
certainly is true, I would further like to 
point out that the elimination of the nega- 
tive elasticity argument does not even call 
for any higher morals. In the short-run, a 
ingle-product producer operating under 
perfect competition will have very little 
Possibility of capital-labor substitution; in 
terms of Ward’s diagrams, the relevant 
stretch of the marginal productivity of labor 
will generally be very near a vertical line. 
And, consequently, the normal short-run 
supply elasticity of a competitive labor- 
managed firm producing a single output can 
for all practical purposes be considered zero, 
even if group solidarity were absent. 
Before leaving the short run, two obser- 
vat ions are in order. First, let it be noted 
that the zero elasticity eliminates possibili- 


ties of instability, and reduces a good deal 
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the loss of general equilibrium efficiency 
(note that in a world with only single-prod- 
uct firms a change in relative prices would 
now keep, in the short run, the point on the 
production possibility locus unchanged). Sec- 
ond, in the context of aggregate national 
income analysis, the zero short-run supply 
elasticity by no means is something to frown 
on; but this we will discuss in the next sec- 
tion. 

Finally, a few words on long-run adjust- 
ments within the general equilibrium frame- 
work. Again, the introduction of an addi- 
tional piece of information from the real 
world helps a good deal. It is reasonable to 
expect that with most firms the point of 
constant returns to scale (the point corre- 
sponding to the minimum of the long-run 
average cost curve) in reality is not a point, 
but a whole range (of “efficient outputs”)— 
a range the end of which is hard to establish 
empirically. But once in such a range, as we 
have noted already, the long-run equilibrium 
of the labor-managed firms becomes indeter- 
minate. The firms now can arbitrarily de- 
termine their scale of operation, and the 
most logical is that given by the size of the 
working collective, more or less exogenously 
determined. But as the reader will find easy 
to verify, under these conditions the long- 
run supply elasticities will be positive and 
can be quite high even with single-product 
firms, and the general equilibrium adjust- 
ment to changing demand conditions will be 
quite efficient indeed. Of course, the most 
efficient and full (Pareto) optimal adjust- 
ment will occur once labor incomes are 
equalized through entry and exit—or, with 
firms operating under constant returns to 
scale, through expansion or contraction of 
existing firms. 

II. Macroeconomics 


We now turn to the determination of ag- 
gregate variables such as income, employ- 
ment, the price level, etc. I feel that it will 
be most expedient first to summarize the 
principal results that can be obtained for the 


` labor-managed economy and then, to the 


extent that space permits, to elaborate on 
some of them. 
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The first observation is that unemploy- 
ment is conceivable in a labor-managed econ- 
omy, but if it occurs it will be of an entirely 
different nature—because of different causes 
and different duration—than unemployment 
of the Keynesian type in a capitalist econo- 
my. A second important point is that varia- 
tions in effective demand can be expected in 
the labor-managed economy to lead pri- 
marily to variations in prices and not much 
or not at all to adjustments in income and 
employment. A third and related point is 
that on the whole there will be little natural 
cause. for secular inflation, although varia- 
tions in prices may be wide if markets are en- 
tirely free. Fourth, even if unemployment 
arises there will always be natural forces to 
restore full employment after a while, pro- 
vided that capital markets are competitive. 
Fifth, the macroeconomic general equilib- 
rium determining simultaneously the aggre- 
gate variables must be stable provided that 
real cost of capital varies with the general 
price level, and almost certainly it will be 
stable even if the money cost of capital 
is constant. 

The key to points one and two is the low or 
zero short-run supply elasticity of firms. If 
for one reason or another the existing number 
of firms at given product and factor prices is 
incapable of employing (in equilibrium) all 
the labor force, then unemployment will pre- 
vail, and the supply elasticity being low, 
short-run changes in demand will be trans- 
lated into price level variations. Note that 
this has nothing to do with wage-rigidity. 
Such rigidity in fact is highly unlikely if not 
impossible in the labor-managed economy 
because of the residual nature of labor in- 
come and the direct managerial ability of 
labor to make choices between price reduc- 
tions on the one hand and idleness and sales 
reductions on the other. Thus, contrary to a 
capitalistic situation, a symmetrical flexi- 
bility of prices, up and down, and no syste- 
matic inflationary tendency should be ex- 
pected. 

Point four is a logical consequence of the 
fact that if there is unemployment, the un- 
employed will be in a considerably favored 
position in competing with existing firms for 
capital funds for development of new proj- 
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ects. Indeed, with very low unemployment 
incomes those currently unemployed will be 
able to offer considerably better terms to the 
lender. And thus any significant degree of 
unemployment carries with itself strong, 
even if perhaps not overly speedy, self- 
correcting forces. The prime vehicle of the 
latter is entry, and perhaps also expansion 
of existing firms (often into new lines of pro- 
duction) operating under constant returns to 
scale, whose scale of operation is arbitrary. 
It should be noted here that no parallel rem- 
edy exists for Keynesian unemployment; 
here either entry or expansion of existing 
firms implies opening of a deflationary gap 
and the ensuing return to a less than full em- 
ployment equilibrium. 

Point five asserting stability of the macro- 
economic system involves some slightly in- 
volved mathematics and consequently I 
omit its demonstration. Full proof is con- 
tained, however, in my General Theory of 
Labor-Managed Market Economies [5}. 

We may sum up by taking the position of 
the policy maker in the labor-managed econ- 
omy: He need not fear autonomous varia- 
tions in demand as a cause of cyclical un- 
employment. Rather he may look out for 
such variations in order to prevent fluctua- 
tions in prices. In this.endeavor he will be 
greatly assisted by an open and competitive 
foreign trade sector. Full employment does 
not entirely disappear, however, as the policy 
maker’s problem. But he must be concerned 
with it as a matter of long range strategy, pri- 
marily ensuring perfect functioning of the 
capital market with proper interest struc- 
tures. More actively, he may want to take 
discretionary steps: market research and 
consulting, indicative planning, forecasting, 
etc., to enhance the speed and efficiency of 
new entry and expansion. In the final analy- 
sis, however, he has a considerable advantage 
compared to his capitalist colleague in that 
matters are bound to-improve even if per- 
chance he fell asleep on the job. 


II. Special Dimensions of Labor Management 


Even if the labor-managed economy can 
pass with flying colors the scrutiny of con- 
ventional micro- and macro-economic theory, 
as presented in the preceding two sections, 
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its greatest strength lies in what we may 
identify as its special dimensions; dimensions 
largely absent in other economic systems. 
They are all related to, contained in, or emer- 
gent from the managerial function of labor, 
that is, of all participants of the enterprise. 
The field of analysis opened by these special 
dimensions is so vast that it cannot be 
treated in a single section; consequently we 
will restrict ourselves here to the outline of a 
few of the most important arguments. In my 
larger study referred to earlier, I devote to 
the subject several chapters [5, Part III], 
and even there, I certainly cannot pretend 
that my analysis is exhaustive. 

The first and simplest consideration is 
that, contrary to the models studied in the 
two preceding sections, labor is not unique 
and homogeneous, but rather that in every 
enterprise a large number of individuals of 
different skills and qualifications cooperate 
in a common endeavor. One necessary task of 
labor management thus is to decide on the 
distributive shares among the different labor 
categories. The specific form of the distribu- 
tion schedule, indicating whether the director 
gets four times the pay of the janitor, etc., 
will be the outcome of two sets of forces: 
Conditions of the labor market or more pre- 
cisely, of the quasi-labor market, because 
there is no conventional labor market in a 
labor-managed economy; and the collective 
will of the working community as it emerges 
From the democratic decision making process 
of labor management. 
| Noting that the labor-managed firm in 

quilibrium (i.e. when maximizing income for 
éach laborer) will equalize the income of each 
labor category to the corresponding mar- 
dinal value product, the first set of forces 
will guarantee that the allocation of labor 
throughout the economy will be at least ap- 
proximately consistent with maximum ag- 


gregate output.? The second set of forces, on _ 


2 In pure theory a frictionless system should generate 
perfect income equalization through entry and/or exit 
of| firms, However, considering that in the real world 
there is never enough timé to bring such an equalization 
process to completion, given imperfect information, 
attachments and loyalties of individuals to the working 
collective, etc., the competitive forces can be expected to 
y only approximate results. 


1911 


the other hand, will guarantee a reasonable 
distribution of income, consistent with the 
generally accepted notion of justice for a par- 
ticular segment of society, a particular com- 
munity, or a particular period of time. This 
“dual”? optimization of social welfare, strik- 
ing a balance between the mechanistic rules 
of efficient resource allocation and a collec- 
tive expression of distributional justice, 
seems to bea solution superior to that offered 
by either set of criteria in isolation. The car- 
dinally important thing is that the “dual” 
system guarantees that major mistakes will 
not be committed in either the allocational or 
the distributional sphere. 

The labor force in a labor-managed econ- 
omy is not only diverse but also of variable 
quality. And this brings us to the second im- 
portant special dimension of labor manage- 
ment. Without any doubt, labor-manage- 
ment is among all the existing forms of enter- 
prise organizations the optimal arrangement 
when it comes to the finding of the utility- 
maximizing effort, i.e. the proper quality, 
duration and intensity of work, by the work- 
ing collective. Not only is there no situation 
of conflict between management and the 
workers that might hinder the finding of the 
optimum, but the process of self-manage- 
ment itself can be viewed as a highly efficient 
device for communication, collusion control 
and enforcement among the participants. 

This should be contrasted with a situation 
of most other enterprises where the worker 
normally will be furnishing a minimum effort 
consistent with the retention of his job. It is 
true that expectation of promotion or a raise 
may stimulate effort over the acceptable 
minimum, but recall that this factor should 
be equally operative in all firms, and thus it 
does not establish a comparative disadvan- 
tage of the labor-managed firm. 

Our second special dimension may con- 
veniently be summarized in terms of a dia- 
gram. In Figure 1 we measure effort (E) to 
the left of O along the horizontal axis, 
whereas on the vertical axis we find a (aver- 
age) laborer’s income Y. A typical transfor- 
mation function for the labor-managed alter- 
native between effort and income is indi- 
cated by the contour ab (note that with some 
fixed costs it takes some effort to generate 
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zero income). By contrast, a typical trans- 
formation function in capitalist enterprise is 
indicated by the rectangular broken contour 
defined by point & Its comparative defi- 
ciency is of two kinds: 1) Point k is below ab, 
on account of some residual profit normally 
not distributed among the members, and 2) 
and much more important, ab is continuous. 
On account of both, (as the reader may verify 
by drawing a set of convex indifference lines) 
losses in individual and collective utility, 
that is, in real income, will occur in one type 
of undertaking as compared with the other. 

Third, as shown by the diagram, there is 
another special dimension, Z—in fact, it 
should be understood as a summary index 
standing for a very large number of special 
dimensions—also entering together with in- 
come and effort, the utility function of the 
members of the working collective. As indi- 
cated by the three dimensional transforma- 
tion locus in Figure 1, attainment of higher 
levels of Z involves an opportunity cost in 
terms of income and/or effort. Nevertheless, 
this new dimension further augments the 
number of choices of the working community 
and thus unambiguously (as shown by the 
equal-utility contours #, #’, u” and the 
maximum-utility point e) its real income. It 
is the comparison between point e and point 
k that should, in the context of our present 
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analysis, be included in any comparison be- 
tween a labor-managed and a capitalist, or 
for that matter, Soviet-type firm. 

It would: hardly be possible to be exhaus- 
tive in explaining all the variables for which 
Z actually'stands. However, some illustra- 
tions should be helpful: For example, the 
working collective, or a subgroup of it, may 
prefer a conveyor belt to a traditional way of © 
intraplant transportation, even if this should 
involve a reduction in money income. By 
contrast, a capitalist would perform such a 
substitution only if profit could be increased. 
Another example is training and education of 
some members of the community at the ex- 
pense of the enterprise. Again, the corre- 
sponding motivation and decision making 
is entirely different from what it would be in 
other firms. Still another example is collec- 
tive consumption using part of the global 
income of the enterprise, including housing, 
recreation, etc. Moreover, the enterprise as a 
whole may undertake at its own expense 
social action directed toward the outside, the 
local community or other, and thus derive 
intangible real income—we may call it peace 
of mind—for itself? 

‘The last example brings us to a fourth 
category of special dimensions, related to Z 
but not exactly the same, referred to as Z’. 
It resembles Z in all respects, including that 
it enters the utility index, except that it does 
not affect money income or effort of the 
working community. The transformation 
locus with Z’ substituted for Z would thus 
appear as a cylindrical surface generated by 
lines parallel to the Z’ axis. Normally, such a 
surface will be truncated at some finite level 
of Z’ and, obviously, an equilibrium will be 
found (with indifference toci convex every- 
where) at the corresponding ridge, at a level 
of collective utility again unambiguously 
higher than at a point such as d with two di- 
mensions only. To give substance to this 
rather technical exposition, let us give at least 


+ Some will object that all this can be done by individ- 
uals or through nonbusiness-based groupings: This is 
true, but it holds even for the labor-managed system and 
thus the potential of action by firms, the primary gen- 
erators of resources, still constitutes a comparative ad- 
vantage, . 
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one example; it is a significant one. We have 
noted in Section I that the long-run equilib- 
rium of a competitive labor-managed firm 
operating under constant returns to scale—a 
condition encountered in many real situa- 
tions—is indeterminate with respect to scale 
of operation. Under such conditions, total 
employment and output of the firm may be- 
come our Z’ variable. The working commun- 
ity considers it a positive utility to maximize 
employment in the community; the external 
constraint, and the ridge line of our above 
discussion now are given by the full employ- 
ment in the community. 

In the opinion of the writer, the argument 
just made has a good deal of relevance, and 
when further generalized can become even 
more significant especially in the context of 
less developed countries. The generalization 
is based on the recognition that in most situa- 
tions—especially in manufacturing—we can- 
not postulate perfect competition; some 
market power will always be present. In 
such situations, however, all it takes is to re- 
classify Z’, a zero opportunity cost variable 
into Z, a positive opportunity cost variable. 
But the absorption of unemployment in the 
community remains a positive good from the 
point of view of the working collective. Thus 
a solution involving higher employment than 
that dictated by strict income~per—laborer 
maximization still may be expected. 





IV. Concluding Observations ` 


| Before attempting a summary evaluation 
of the labor-managed economy, two more 
matters ought to be taken up which norm- 
ally’ enter the appraisal of an economic sys- 
tem. The first is the question of ability to 
mobilize national savings for accumulation. 
The second is the question of the capacity of 
gel erating technical progress and innova- 
tion. 

Regarding the capacity to mobilize invest- 
ment funds, the labor-managed economy, 
especially its socialist version, is in a very 
strong position. Noting that the labor man- 
aged firms must pay for the use of capital 
the corresponding value of marginal product, 
andj taking a reasonable set of estimates of 
national capital stock and marginal capital 
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productivity, the economy can generate net 
savings of between 20 and 30 percent of na- 
tional income just by retaining capital in- 
come for reinvestment. These percentages, 
already among the highest currently en- 
countered in the real world, can further be 
augmented through private savings, govern- 
ment surpluses, or as in Yugoslavia, through 
an obligation of firms to repay investment 
loans from current income, 

With respect to the second question, the 
case for the labor managed economy is some- 
what less clear cut; but in the final analysis, 
it would be difficult to conclude that the sys- 
tem in question is at a comparative :disad- 
vantage. When it comes to “small” inventive 
and innovative activity emerging as a side- 
effect of the productive process itself, the 
incentives, unity of purpose and ease. of 
communication offered by labor management 
(and by income sharing, which is an integral 
part of labor-management) are conditions 
unequalled by any other system. On the 
other side of the spectrum, with respect to 
basic research and major scientific develop- 
ments, the firms only rarely play a decisive 
role; thus in the present context the differ- 
ence between alternative systems cannot be 
very important. 

It is the middle of the spectrum, for ‘“‘me- 
dium size” incentive and innovative activity, 
that would seem the most important. Here 
the modern capitalist corporation almost 
certainly has a comparative advantage with 
its own low-cost—and often quite abundant 
—funds that it can employ in research and ~ 
development. On the other hand, a socialist 
economy, labor-managed or other, is likely 
to have a distinct advantage in proliferating 
innovations throughout the whole economy. 

Let us now try to make a summary evalua- 
tion of the labor~managed system. I realize 
that such an endeavor must always contain a 
certain element of subjective judgment. This 
is so because summary evaluation really 
means constructing an aggregate ordinal in- 
dex based on a combination of several evalu- 
ations, not all of the same sign; clearly, some 
weights must be employed and these, to a 
degree at least, will be subjective. 

With this in mind, and basing myself on 
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ten years of intensive study more than on the 
present exposition, I cannot forego a set of 
strongly favorable conclusions; I cannot 
avoid them, even though I realize that I am 
contradicting the majority of our profession 
who have thought about the problem, and 
even though I may risk earning the displea- 
sure of many. 

In brief, the labor-managed system ap- 
pears to me to be superior by far, judged on 
strictly economic criteria, to any other eco- 
nomic system in existence. In the sphere of 
allocation efficiency (concerning how well it 
utilizes its resources in national production), 
it is at worst equal to the western-type cap- 
italist system in the context of a full-em- 
ployment model (as discussed in Section I), 
while it is definitely superior in the context of 
the macro-economic model (as discussed in 
Section II) and in the context of its special 
dimensions (as discussed in Section IIT). On 
the side of the system’s capability to grind 
out an efficient pattern of income distribu- 
tion, there are also strong reasons to believe 
that a socialist labor-managed economy will 
do a better job than other market systems. 
This conclusion is based not only on the argu- 
ment of collective decision making within the 
firm (as argued in Section IN), but also on 
the fact that in the socialist economy the 
income share of capital, whether reinvested 
or not, will accrue to the society as a whole 
and not to a select group of individuals. 

Compared to the Soviet-type command 
economy, the question of distributional 
efficiency really is empty of meaning because 
income distribution is decided by decree and 
not by some mechanism inherent in the 
economic system. As for allocational eff- 
ciency, far more important for our compari- 
son because inherent in the system, we only 
have to recognize with Bergson [1] that the 
Soviet-type command economy is less effi- 
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cient than market capitalism, and recall the . 
above evaluation of the two market alterna- 

tives. In fact, even the weaker postulate of 

approximate equality between the two major 

world systems would suffice here to establish 

a preference for the labor-managed alterna- 

tive over that of a command economy. 

Two remarks less strictly economic, and 
stemming much more from intuition than 
from careful analysis, may be in order before 
closing this discussion: First, it seems to me 
that the comparative advantage of labor- 
managed systems becomes even stronger 
once we leave the strictly economic frame of 
reference and replace it by one that takes 
account of broader human values. Second, 
taking a very long view of world events, it 
seems to me that if there is a meeting ground 
for the presently conflicting major world sys- 
tems and ideologies, it is one not too far from 
the system discussed here. 
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IN MEMORIAM 


ISAIAH LEO SHARFMAN 
1886-1969 


I. Leo Sharfman, professor emeritus of 
economics, University of Michigan, and 
former president (1945) of the American 
Economic Association, died on September 9, 
1969 in Washington, D.C. at the age of 
eighty-three. 

Born in the Ukraine on February 19, 1886, 
Professor Sharfman came to the United 
States in 1894. He attended the Boston Latin 
School and Harvard University (A.B., 1907; 
LL.B., 1910); while studying law, he was 
assistant in economics in Harvard College. 


| In 1910 he became professor of law and 
4 


political science at the Imperial Pei-Yang 

University in Tientsin, China. Returning to 
, the United States in 1912, he began his long 
| career at the University of Michigan, as 
lecturer in economics. He was made professor 
in 1914, Henry Carter Adams University 
Professor i in 1947, and served as chairman of 
the department of economics from 1927 
until his retirement in 1955. 

Professor Sharfman participated actively 
jin public affairs, and was a member of 
\numerous federal boards and commissions. 
In 1955, he became a trustee of Brandeis 
University, involving himself deeply and 
constructively in its affairs. Brandeis 
awarded him an LL.D. in 1964, and held a 
memorial service in his honor on September 
15, 1969. 
| Professor Sharfman’s magnum opus was 
The Interstate Commerce Commission (five 





| 


volumes, 1931-38), for which Harvard 
awarded him The James Barr Ames Prize. 
(Out-of-print for some time, the work has 
just been reissued; the first copies reached 
Washington the day after the author’s 
death.) Professor Sharfman’s several other 
books and score of journal articles also con- 
cerned primarily the public control of eco- 
nomic activity, and especially federal regula- 
tion of transportation. His meticulous analy- 
sis of regulatory problems reflected a pro- 
found legal knowledge as well as a keen sense 
of social justice. He saw the regulatory pro- 
cess as a means for a democratic society to 
bring its economic affairs under rational and 
orderly control. 

He was a responsible leader of the Uni- 
versity of Michigan faculty, where his wise 
counsel always commanded respectful con- 
sideration. Through the twenty-seven years 
of his department chairmanship, years of 
revolutionary change in economics, he re- 
spected and supported serious scholarship of 
whatever stamp. He administered the de- 
partment’s business with scrupulous care, 
and he brought the same loyalty, responsi- 
bility, and efficiency to his participation in 
the affairs of his profession, including his 
presidency of the association. 

Dignified and rather elegant in bearing and 
expression, he was nevertheless a warm and 
delightful friend and a devoted advocate of a 
number of worthy causes. 


| —a Oe 
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~ NOTES 


A Visiting Lecturer Program in Statistics has been 
organized for the seventh successive year. The program 
is sponsored jointly by the American Statistical Asso- 
ciation, the Biometric Society and the Institute of 
Mathematical Statistics. The National Science Founda- 
tion provides partial financial support. Leading teachers 
and research workers in statistics, from universities, 
industry and government, have agreed to participate as 
lecturers. Lecture topics include subjects in experi- 
mental and theoretical statistics, as well as in probabil- 
ity theory, information theory, and stochastic models in 
the physical, biological, and social sciences. 

The purpose of the program is to provide information 
to students and college faculty about the nature and 
scope of modern statistics, and to provide advice about 
careers, graduate study, and college curricula in statis- 
tics. Inquiries should be addressed to: Visiting Lecturer 
Program in Statistics, Department of Statistics, Stan- 
ford University, Stanford, California 94305, 


The Boise Cascade Corporation Foundation, Inc. 
has awarded a $5000 grant to Syracuse University’s 
College of Business Administration for graduate scholar- 
ships in urban studies, The grant will be used to provide 
support for minority group students entering the Syra- 
cuse University graduate program in real estate and 
urban development. 


Controlling Monetary Aggregates, the proceedings of a 
conference sponsored by the Federa! Reserve Bank of 
Boston in June 1969, will be made available after Octo- 
ber 1. Principal papers were contributed by James S, 
Duesenberry, Warren L. Smith, Alan R. Holmes, 
Sherman J. Maisel, John H. Kareken, and James L. 
Pierce. 


Annual Convention of New York State Economics 
Association (YYSEA) to be held on April 17/18 at 
State University of New York, College at Brockport. 
1969/70 President of N YSEA : Dr. Rawle Farley, chair- 
man, economics department, State University of New 
York, College at Brockport; 1969/70 Secretary-Trea- 
surer, VY SEA: Dr. David Martin, chairman, economics 
department, State University of New York, College at 
Geneseo, 


1970 APHA Meetings, Houston, Texas: Authors of 
papers for possible inclusion in the Medical Care Sec- 
tion Program of the American Public Health Associa- 
tion to be held 26-30 October 1970 in Houston may 
obtain abstract forms by contacting Dr. Rosemary A, 
Stevens, Program Committee, Yale School of Medi- 
cine, 60 College Street, New Haven, Connecticut 06510, 

Two types of papers will be considered: Research 
reports and descriptions of programs or demonstra- 
tions. Deadline for submission is 15 April 1970. Se- 
lected authors will be notified in early June, 


The Economics Institute is sponsored by the Ameri- 
can Economic Association for foreign students of 
economics and agricultural economics beginning grad- 
uate work in the United States. 

1970 session to be held from June 17-August 19 at 
the University of Colorado. Information and applica- 
tion forms may be obtained from the Director of the 
Economics Institute, University of Colorado, Boulder, 
Colorado 80302. 


Deaths 


Theodore Boggs, professor emeritus, University of 
British Columbia, June 1969. 

Robert W. Burgess, May 27, 1969. 

E, Vernon Carbonara, professor, New York Univer- 
sity, Rockville Center, June 13, 1968. 

Milton Fried, director of research, Amalgamated 
Clothing Workers of America, April 4, 1969. 

J. Adair Hodges, professor emeritus, Kansas State 
University, June 2, 1969. 

Edwin C. Johnson, Alexandria, Virginia, April 18, 
1969. 

Chester M. Kearney, associate professor of economics, 
University of Nevada, Reno, March 15, 1969. 

Joy Leonard, University of Southern California, Los 
Angeles, 

O. G. Lloyd, Cincinnati, Ohio, July 1969. 

Thomas J. McCleneghan, February 1968. 

John G. McGrew, June 1968. 

Joseph D. Mooney, associate professor, University of 
Michigan, March 22, 1969. 

Owen B. Murphy, Albany Junior College, September 
15, 1969, 

Robert M. Robingon, May 7, 1968. 

Warren C. Scoville, professor of economics, Univer- 
sity of California, Los Angeles, July 1, 1969. 

Allen Solganick, assistant professor, department of 
economics, San Jose State College. 

Samuel S. Stratton, March 1, 1969. 

Frank Tannenbaum, professor emeritus, Columbia 
University, June 1, 1969, 

Jobn N. Webb, professor of economics and director, 
Institute of Behavioral Research, Florida Atlantic 
University, August 4, 1969, 

James E. Young, professor, director of Bureau of 
Economic and Business Research, Kent State Univer- 
sity, August 9, 1969. 


Retirements 


Lewis W. Adams, dean, School of Commerce and 
Administration, Washington and Lee University. 

Ceci] Carpenter, professor of economics, University of 
Kentucky, July 1969. 

Denzel C. Cline, professor, Michigan State Univer- 
sity, July 1, 1969. 

Walter Cole, professor of accounting, University of 
Arkansas. 

Dudley J. Cowden, professor of economics, Univer- 
alty of North Carolina, June 30, 1969. 
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NOTES 


L. C. Cunningham, professor emeritus, Cornell 
University: Fulbright lectureship, University of the 
West Indies, Trinidad. 

Robert Drew-Bear, professor of marketing, School of 
Business Administration, University of Massachusetts. 

Harry, Henig, professor of economics, Ilinois Insti- 
tute of Technology. 

Manley H. Jones, professor of business management, 
Tlinois Institute of Technology. 

John B. Kohlmeyer, associate professor of agricultural 
economics, Purdue University, July 1969. 

Harry W. Leonard, associate professor of agricultural 
economics, Purdue University, July 1969. 

S. Sterling McMillan, professor emeritus, Case West- 


| ern Reserve University: research associate, Research 


Program in Industrial Economics. 

John Manning, professor of management, University 
of Louisville. 

James E. Maxwell, professor, department of eco- 
nomics, University of Connecticut, September 1969, 

Robert M. Ryan, associate professor of economics, 
Wichita State University, summer 1969. 

Frederick W. Stamm, dean of Business School, Uni- 
versity of Louisville, 


Visiting Foreign Scholars 





Theo G. M. Beekhuizen, Dutch exchange professor: 
College of Business, University of Oregon. 
| Peter F. Bell, University of British Columbia: visiting 
assistant professor, Yale University Economic Growth 
Center and University of Bridgeport. 

ı C. Desmond Cohen, University of Sussex: visiting 
assistant professor of economics, University of Connecti- 
cut. 

| Dimftros J. Delivanis, University of Thessaloniki: 
department of economics, University of Iowa. 

F. R. Faizi, Forman Christian College, Lahore, 
Pakistan; visiting professor of economics, Davidson 
College. 

Gordon R. Fisher, Southampton University: visiting 
professor of econometrics, University of Western 
Ontario. 

Colin Forster, Australian National University: visit- 
ing associate professor of economics, York University. 

Shibshanker P. Gupta, University of Leeds: visiting 
assistant professor of economics, University of Connec- 
ticut, 

Roy Harrod: visiting professor, economics depart- 
ment, Wharton School of Finanace and Commerce, 
University of Pennsylvania, spring 1970. 

Branko Horvat, Yugoslav Institute of Economic 
Research: visiting professor of economics, American 
University. 

Anders Klevmarken, The Industrial Institute for 
Economic and Social Research, Stockholm: visiting 





` associate professor of banking and finance, University 


of Georgia, 

E.|J. Misban, London School of Economics: visiting 
lecturer, department of economics, American Univer- 
sity. 

Charles S. Soper: visiting professor, economics de- 

partment, Michigan State University. 


| 
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Alain G. C. Van Peterssen: visiting lecturer, depart- 
ment of economics, Wharton School of Finance and 
Commerce, University of Pennsylvania. 

Peter J. D. Wiles, London School of Economics: 
visiting professor, Dartmouth College, spring 1970. 


Promotions 


Lewis M. Abernathy: associate professor of econom- 
ics, North Texas State University. 

Alec P. Alexander: professor of economics, University 
of California, Santa Barbara. 

Richard D. Aplin: professor, Cornell University. 

Sue Atkinson: associate professor, department of 
economics, University of Bridgeport. 

Richard D. Auster: assistant professor of economics, 
City College of New York. 

R. W. Baguley: assistant professor, University of 
Western Ontario. 

Alan B. Batchelder: professor of economics, Kenyon 
College. 

Atha Beard: assistant professor, Auburn University. 

John Beare: assistant professor of economics, York ` 
University. 

Richard Bee: assistant professor, department of 
economics, Youngstown State University. 

Henry W. Behrens: assistant professor of economics, 
Union College, Schenectady. 

Thomas B. Birnberg: assistant professor of economics, 
Yale University. 

William C. Brainard: professor of economics, Yale 
University. 

Earl H. Brown: professor, Cornell University. 

W. Keith Bryant: professor of agricultural economics, 
University of Minnesota. 

Stanley B. Brzyski: associate professor, Rensselaer 
Polytechnic Institute. 

John E. Buehler: associate professor of economics, 
University of Arizona. 

Adolf Buse: associate professor, department of eco- 
nomics, University of Alberta. 

J. M. Bushey: assistant professor, Auburn University. 

Eugene A. Calabro: professor of economics, Salem 
State College. 

Paul T. Cantrell: assistant professor of economics, 
Middle Tennessee State University. 

Ken Carpenter: assistant professor of economics, 
York University. 

R. L. Carson: associate professor, department of 
economics and accounting, Carleton University. 

George L. Casler: associate professor, Cornell Uni- 
versity. 

Kang Chao: professor of economics, University of 
Wisconsin-Madison. 

Nai-Ruenn Chen: associate professor, Cornell Uni- 
versity. 

Robert Cherry: assistant professor of economics, 
Case Western Reserve University. 

Martin K. Christiansen: associate professor and ex- 
tension economist agricultural policy, Agricultural 
Economics and Extension Service, University of Min- 
nesota. 
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Edward Coen: professor of economics, University of 
Minnesota. 

Doris M. Cook: professor of accounting, University 
of Arkansas. 

Peter Costello: associate professor, department of 
economics, University of Bridgeport. 

T. J. Courchene: associate professor, University 
of Western Ontario. 

Jim Cutt: associate professor of economics, York 
University. 

James D. Dana: associate professor, Lawrence Uni- 
versity. 

Edward E. Darrow: associate professor, department 
of agriculture economics and rural sociology, Ohio State 
University. 

Martin J. Davidson: associate professor of economics, 
North Texas State University. 

Jacob De Rooy: assistant professor of economics, 
Lehigh University. 

Richard B. Du Boff: associate professor of economics, 
Bryn Mawr College. 

Christopher W. Dungan: associate professor of ac- 
counting, University of Louisville. 

Kenneth E. Egertson: assistant professor and erten- 
sion economist marketing, Agricultural Economics and 
Extension service, University of Minnesota. 

Robert J. Ellis, Jr: associate professor of economics, 
Southern Illinois University. 

Hugh W. Folk: professor of economics and labor and 
industrial relations, University of Illinois. 

Roderick D. Fraser: associate professor af economics, 
Queen’s University at Kingston. 

Richard M. Friedman: associate professor, depart- 
ment of economics, San Fernando Valley State College. 

Marsha L. Geier: assistant professor of economics, 
Yale University. 

Ismail Ghazalah: assistant professor of economics, 
Ohio University. 

Robert S. Goldfarb: assistant professor of economics, 
Yale University. 

M. L. Greenhut: professor, Texas A&M University. 

Kanji Haitani: associate professor of economics, 
Southern Ilinois University. 

James L. Hamilton: assistant professor, department 
of economics, Grinnell College. 

Robert L. Heilbroner: professor, department of 
economics, New School for Social Research. 

A. J. Hill: professor, Auburn University. 

John S. Hoyt, Jr: professor and program leader for 
special project development and coordination, Agricul- 
tural Economics and Extension Service, University of 
Minnesota. 

Katherine Hsiao: associate professor of economics, 
Indiana State University. 

Ernest L. Inwood: associate professor, department of 
economics, San Jose State College. 

William B. Johnson: associate professor, department 
of economics, San Jose State College. 

Edward D. Kalachek: professor af economics, Wash- 
ington University. š 

Calvin A. Kent: associate professor of economics, 
University of South Dakota. 
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C. Rafiq A. Knan: senior economist, economics and 
statistics division, Central Mortgage and Housing Cor- 
poration, Ottawa. 

Ramon Knauerhase: associate professor of economics, 
University of Connecticut. 

Janis Labsvirs: professor of economics, Indiana 
State University. 

John L. Landon, assistant professor of economics, 
Case Western Reserve University. 

Herbert S. Levine: professor, department of eco- 
nomics, Wharton School of Finance and Commerce, 
University of Pennsylvania. 

T. D. Little: assistant professor, Auburn University. 

William F. E. Long: associate professor of economics, 
George Washington University. 

Chung-tai Lu: professor of economics, Hamline 
University. 

William A. Luker: professor of economics, North 
Texas State University. 

David L. McKee: associate professor, College of 
Business Administration, Kent State University, 

L. Merewitz: assistant professor of economics, School 
of Business Administration, University of California, 
Berkeley. 

John F. Mead: associate professor of economics, 
University of Louisville. 

Alexander Melamid: professor of economics, Univer- 
sity College, New York University. 

James R. Melvin: associate professor, University of 
Western Ontario. 

John E. Moore: associate professor, department of 
agricultural economics and rural sociology, Ohio State 
University. 

Cynthia T. Morris: professor, department of eco- 
nomics, American University. 

Lynn R. Muchmore: assistant professor, department 
of economics, Grinnell College. 

Thomas Muench: associate professor of economics, 
University of Minnesota, 

Llewellyn Mullings: associate professor, department 
of economics, University of Bridgeport. 

Esther Niemi: associate professor, department of 
economics, Youngstown State University. 

Vahid F. Nowshirvani: assistant professor of eco- 
nomics, Yale University. 

Ransford W. Palmer: associate professor of econom- 
ics, Catholic University of America, 

L. Parai: assistant professor, University of Western 
Ontario. 

Andrew T. Pawlak: assistant professor of economics, 
Salem State College. , 

Benedict J. Pedrotti: associate professor, department 
of economics, San Fernando Valley State College. 

Russell A. Pendergast: associate professor, depart- 
ment of economics, University of Alberta. 

Willis L. Peterson: associate professor of agricultural 
economics, University of Minnesota. 

Robert Piron: associate professor of economics, 
Oberlin College. 

Gene E. Pollock: associate professor of economics, 
College of Wooster. 

Jonas Prager: associate professor of economics, Uni- 
versity College, New York University. 


NOTES 


James E, Price: associate professor, department of 
economics, Syracuse University. 
Martin Primack: associate professor, department of 
economics, San Jose State College. 
Sevastian J. Raciti: associate professor, department 
of economics, Saint Peter’s College. 
U. L. G. Rao: assistant professor, department of 
economics, Dalhousie University. 
Norman Rask: associate professor, department of 
agricultural economics and rural sociology, Ohio State 
| University. 
| Edward P. Reagen: professor of economics, Skidmore 

College. 
| Frank K. Reilly: associate professor of business ad- 
| ministration, University of Kansas. 

Margaret M. Reilly: associate professor, department 
of economics, Saint Peter’s College. 

| Charles Reitemeyer: associate professor, department 
| of economics, Saint Peter’s College. 

Harl E, Ryder: associate professor, department of 
| economics, Brown University. 
| Vladimir Salyzyn: associate professor, department of 
ieie University of Alberta. 

Frederic M. Scherer: professor of economics, Uni- 

ersity of Michigan. 

Peter Schran: professor, department of economics, 
University of Illinois. 

T. Y. Shen: professor of economics, University of 
California, Davis. 

| J. A. Simon: professor, department of economics and 
business administration, University of Illinois. 

A. M. Sinclair: professor, department of economics, 
Dalhousie University. 

Arthur Smith: assistant professor, department of 
economics, St. Peter’s College. 

Eugene Smolensky: professor of economics, Univer- 
sity of Wisconsin-Madison, 

Marvin R. Snowbarger: associate professor, depart- 
ment of economics, San Jose State College. 

Hugo Sonnenschein: professor of economics, Univer- 
sity of Minnesota, 

Charles G, Stalon: associate professor of economics, 
Southern Ilinois University. 

Robert R. Sterling: professor of business administra- 
tion, University of Kansas, 

Max D. Stewart: professor, department of economics, 
University of Alberta. 

J; Dirck Stryker: assistant professor of economics, 
Yale University. 

Raymond G. Torto: assistant professor of economics, 
Salem State College. 

A.| Dale Tussing: associate professor, department of 
economics, Syracuse University. 

Dan Usher: professor of economics, Queen’s Univer- 
sity at Kingston. 

Arley D. Waldo: professor and extension economist 
public affairs, Agricultural Economics and Extension 
Service, University of Minnesota, 

Neil Wallace: associate professor of economics, Uni- 
versity of Minnesota. 

James H. Weaver: professor, department of econom- 
ics, American University. 
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Donald Q. Webb: associate professor, department of 
economics, Trinity University. 

Richard D. Wolff: assistant professor of economics, 
City College of New York. 

Carole B. Yoho: assistant professor and extension 
specialist public affairs, Agricultural Economics and 
Extension Service, University of Minnesota. 

Richard Zerbe: assistant professor of economics, 
York University. 

L. S. Zudak: assistant professor, University of West- 
ern Ontario. 


Administrative A ppoinimenis 


John W. Allen: acting department head of economics, 
Texas A&M University. 

Edward C. Atwood: dean, School of Commerce and 
Administration, Washington and Lee University. 

Roman R. Andrus: head, department of marketing, 
insurance and transportation, College of Business Ad- 
ministration, University of Oregon, 

W. Scott Bauman: head, department of finance and 
business environment, College of Business Administra- 
tion, University of Oregon. 

L. D. Belzung: associate dean and professor of eco- 
nomics, University of Arkansas. 

George A. Benz: chairman, department of economics, 
St. Mary’s University, 

Walter Blass: assistant vice president, New York 
Telephone Company. 

John M. Bonham: head, economics department, 
University of Tulsa. 

Howard R. Bowen, University of Iowa: chairman, 
department of economics, Claremont Graduate School, 
Claremont Colleges. 

William C. Brainard: acting director of the Cowles 
Foundation, Yale University, 

Henry W. Broude: director of academic planning, 
Yale University. 

Elmer H. Burack: professor of management, acting 
chairman of business and economics department, Ilinois 
Institute of Technology. 

Kevin H. Burley: acting chairman, department of 
economics, University of Western Ontario. 

Dale E. Clement: dean, School of Business, Univer- 
sity of South Dakota. 

Kendall P. Cochran: chairman, department of eco- 
nomics, North Texas State University. 

John G. Cross: associate chairman, department of 
economics, University of Michigan. 

Sidney Davidson: acting dean, Graduate School of 
Business, University of Chicago. 

George E. Delehanty: associate dean, Graduate 
School, Northwestern University. 

Thomas F. Dernburg: chairman, department of 
economics, Oberlin College. 

James J. Diamond: director of graduate programs in 
business, De Paul University. 

L. Aubrey Drewry, University of Georgia: associate 
dean, College of Business Administration, Western 
Carolina University. 

Ludwig M. Eisgruber: assistant head of department, 
research, agricultural economics, Purdue University. 
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Edward Foster: director of graduate studies, Univer- 
sity of Minnesota. 

Oscar R. Goodman: chairman, department of finance, 
Roosevelt University. 

Edward Greenberg: professor, chairman, department 
of economics, Washington University. 

Bernard Hall: associate provost, Kent State Univer- 
sity. 
Robert W. Harrington: professor, chairman, division 
of business and economics, Illinois Wesleyan University. 

Sandra R. Henderson: chairman, department of 
economics, West Virginia State College. 

John F. Henry: head, department of management, 
Auburn University. 

Edwin J. Holstein: chairman, department of eco- 
nomics, Rensselaer Polytechnic Institute. 

O. Henry Hoversten: acting head of department, busi- 
ness administration and economics, Capital University. 

Charles W. Hultman: chairman, department of 
economics, University of Kentucky. 

Mark J. Kasoff, Indiana University: assistant pro- 
fessor, acting chairman, department of economics, 
Antioch College. 

Benjamin J. Katz: chairman, department of econom- 
ics, University College, New York University. 

Irving Leveson, RAND Corporation: chief research 
specialist, Office of Comprehensive Planning, New York 
City Department of City Planning. 

Wesley H. Long: assistant director, Institute for 
Research on Land and Water Resources, Regional 
Analysis Center, Pennsylvania State University. 

Chris Luneski: head, department of accounting and 
quantitative methods, College of Business Administra- 
tion, University of Oregon. 

Arthur E. Mace: assistant dean, Graduate School of 
Management and Business, University of Oregon. 

Kenneth D. McIntosh: acting director, division of 
resource management, agricultural education, agricul- 
tural engineering, College of Agriculture and Forestry, 
West Virginia University. 

Graeme McKechnie: chairman, department of eco- 
nomics, York University. 

Joseph Martellaro: associate dean, Graduate School, 
Northern Illinois University. 

John P. Miller: director, Institute of Social Science, 
Yale University. 

James Moniz: associate professor, chairman, depart- 
ments of accounting and business administration and 
economics, Upsala College. 

Sarah S. Montgomery, associate chairman, depart- 
ment of economics and sociology, Mount Holyoke 
College. 

N. H. Morse: chairman, department of economics, 
Dalhousie University. 

Gail E. Mullin: professor, dean, College of Business 
Administration, Kent State University. 

Edward B. Oppermann: deputy head, department of 
economics, United States Air Force Academy. 

Daniel Orr: chairman, department of economics, 
University of California, San Diego. 

James Owens: assistant dean, director of the under- 
graduate program, School of Business Administration, 
American University. 
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Andreas Papandreou: professor of economics, director 
of the graduate program in economies, York University. 

Merton J. Peck: chairman, department of economics, 
Yale University. 

Robert H. Persons, Jr.: acting chairman, department 
of economics, University of Bridgeport. 

G. L. Reuber: dean, faculty of social science, Uni- 
versity of Western Ontario, 

Leonard A. Robinson: professor and head, depart- 
ment of accounting and finance, Auburn University. 

Anthony Scaperlanda: acting chairman, department 
of economics, Northern Illinois University. 

Martin Segal: chairman, department of economics, 
Dartmouth College. 

Larry Sgontz: associate professor and director of 
graduate program in economics, University of Iowa. 

Morris Silver: chairman, department of economics, 
City College of New York. 

Donald S. Slacum: head, department of economics, 
Northwestern State College. 

Bulkeley Smith, Jr.: chairman, department of eco- 
nomics and sociology, Mount Holyoke College. 

Jerald R. Smith: assistant dean, assistant professor 
of management, School of Business, University of 
Louisville. 

John L. Snare: chairman, department of economics, 
Mercer University. 

Henry Solomon: chairman, department of economics, 
George Washington University. 

H. Ellsworth Steele: assistant dean, Auburn Uni- 
versity. 

Paul Swadener: assistant dean, Undergraduate School 
of Business, College of Business Administration, 
University of Oregon. 

Philip Taylor: director, Bureau of Business and 
Economic Research, University of Arkansas. 

William D. Thompson: head, department of econom- 
ics, Central Missouri State College. 

J. Van Wagstaff: acting chairman, department of 
economics, Wake Forest University. 

Ethel L. Vatter: acting associate dean, graduate 
education and research, College of Human Ecology, 
Cornell University. 

Henry A. Wadsworth: assistant head, department in 
charge of extension, agricultural economics, Purdue 
University. 

T. K. Warley: chairman, department of agricultural 
economics, University of Guelph, Jan. 1, 1970. 

Kenneth P. Wichman: acting chairman, department 
of economics, State University of New York, Cortland. 

Charles K. Wilber, chairman, department of eco- 
nomics, American University. 

R. J. Wonnacott: chairman department of economics, 
University of Western Ontario. 

Dieter K. Zschock: director, Economic Research 
Bureau, State University of New York, Stony Brook. 


A ppoiniments 
Wynn A. Abronovic: assistant professor, general 
business and finance, School of Business Administration, 
University of Massachusetts. 
Gardner Ackley, U.S. Ambassador to Italy: professor 
of economics, University of Michigan. 
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Esmond Adams: assistant professor, department of 
economics, Missouri State College. 

James Adams: associate professor, department of 
marketing and transportation, Auburn University. 

Carolyn R. Ahern: instructor of economics, Univer- 
sity of North Dakota. 

Edward Alban: instructor, department of economics, 
Auburn University. 

Gerald Albaum, University of Massachusetts: 
associate professor of marketing, College of Business, 
Administration, University of Oregon. 

M. Mukhtar Ali: assistant professor of economics, 
University of Kentucky. 

Victor F. Amann, College of Agriculture and For- 
estry, West Virginia University: senior lecturer, 
Makerere University, Uganda. 

Troy Anders: assistant professor, department of 
economics, Auburn University. 

Robert J. Anderson, National Air Pollution Control 
Administration: assistant professor of economics, 


\ Purdue University. 


Vincent P. Apilado: assistant professor, School of 
‘Business Administration, Arizona State University. 
| D. A. L. Auld, University of Guelph: assistant pro- 
fessor, public finance, University of British Columbia. 
| Scott Avary: instructor of economics, Mercer Uni- 
versity, 

| Duncan M. Bailey: instructor, department of eco- 
nomics, Virginia Polytechnic Institute. 

| Trevor Bain, University of Michigan: visiting as- 
sociate professor, Queens College of the City University 
of; New York. 
l Billy W. Balch: associate professor of economics, 
Middle Tennessee State University. 

Mary K. Barber: assistant professor of oe 

Stoel of Business Administration, University of 
chusetts. 
William F. Barnes: assistant professor of economics, 
University of Georgia. 

Howard N. Barnum: instructor of economics, Dart- 
mouth College. 

D | Marshall Barry: assistant professor of economics, 
division of social sciences, New College. 

Robert L. Basmann, Purdue University: professor, 
dep ent of economics, Texas A&M University. 

Raveendra N. Batra: assistant professor of economics, 
Southern Dlinois University. 

Dayal S. Batth, Texas Southern University: associ- 
ate professor of finance, Chico State College. 

Ronald Bearden: instructor, department of eco- 
nomics, University of Houston. 

Robert J. Beatty: assistant professor of economics, 
United States Air Force Academy. 

Sara Behman, University of California, Berkeley: 
assistant professor, department of economics, San Jose 
State College. 

Robert D. Beland: assistant professor of economics, 
United States Air Force Academy. 

J. N. (Benson: assistant professor, department of 
economics, Wellington College, University of Guelph. 

Roger R. Betancourt: assistant professor of eco- 
nomics, University of Maryland. 
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Kul B. Bhatia: lecturer, University of Western 
Ontario. 

Kelly J. Black, Planning Research Incorporated: 
assistant professor of quantitative analysis, Chico 
State College, 

Harry Block: instructor of economics, Ilinois Insti- 
tute of Technology. 

Dwight M. Blood: professor of economics, University 
of Wyoming. 

Lawrence P. Bohl: assistant professor, agricultural 
economics, Purdue University. 

John J. Bonsignore: assistant professor, general 
business and finance, School of Business Administration, 
University of Massachusetts, 

John M. Borcich, University of Washington: assistant 
professor, department of economics, University of 
British Columbia. 

M. D. Bordo: assistant professor, department of 
economics and accounting, Carleton University. 

Melvin B. Borland, Kentucky Southern College: 
assistant professor of economics, University of Rich- 
mond. 

Tim Bornstein: associate professor of management, 
School of Business Administration, University of 
Massachusetts. 

John Bossons: research staff associate, National 
Bureau of Economic Research. 

J. Carroll Bottum: professor of agricultural eco- 
nomics, Purdue University. 

Colin I. Bradford, Jr., Columbia University: re- 
gearch economist, Overseas Development Council. 

Robert L. Brittingham, Saint Louis University: 
instructor of economics and statistics, St. Ambrose 
College. 

Charles R. Broshous, Jr.: instructor of economics, 
department of social sciences, United States Military 
Academy. 

Vartkes L. Broussalian, Bureau of Budget: visiting 
professor of economics, Duke University. 

Robert C. Brown: instructor, department of econom- 
ics, Northwestern State College. 

Barbara C. Buddington: instructor of economics, 
University of Connecticut. 

Vivian A. Bull: instructor of economics, Drew 
University. 

John G. Burch, Jr.: assistant professor of accounting, 
School of Business Administration, University of 
Massachusetts. 

David F. Burgess: lecturer, University of Western 
Ontario. 

Edwin T. Burton IM: assistant professor, department 
of economics, Cornell University. 

William L. Call: assistant professor, department of 
economics, Northwestern State College. 

N. E. Cameron: assistant professor, department of 
economics, University of Manitoba, 

Rondo Cameron, University of Wisconsin: professor, 
department of economics, Emory University. 

John Campbell: assistant professor of economics, 
Missouri Valley College. 

Cornelis A. Cannegieter, American University in 
Cairo: visiting professor of economics, Allegheny 
College. 
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Valdemar Carlson, Antioch College: professor of 
economics, Iowa Wesleyan University. 

Robert H. Chandrogs: department of economics and 
finance, Bernard M. Baruch College. 

James E. Ciecka: assistant professor, department of 
economics, De Paul University. 

David H. Ciscel: instructor in economics, Drake 
University. 

C. Scott Clark: lecturer, University of Western 
Ontario. 

Joseph D. Coffey, University of California, Berkeley: 
programming evaluation and planning staff, US. 
Department of Agriculture. 

Robert Cohen, Brooklyn College: economist, Federal 
Reserve Bank af New York. 

Edward T. Conmy IO: lecturer in investments, 
department of economics, University of North Dakota. 

Muriel Converse, Wayne State University: assistant 
professor, University of Michigan. 

William A. Cox: assistant professor of economics, 
University of Maryland, 

Francis C. Cushing, Jr.: associate professor of 
management, University of Louisville. 

J. C. Danielsen: assistant professor, department of 
economics and accounting, Carleton University. 

Ralph C. d’Arge, University af New Mexico: assis- 
tant professor, department of economics, University of 
California, Riverside. 

K. Hans-Joachim Daumer: associate professor of 
management, Chico State College. 

Joe C. Davis: assistant professor, department of 
economics, Trinity University. 

Ernest H. Day: assistant professor of economics, 
University of Maryland. 

Edwin A. Deagle: instructor of economics, depart- 
ment of social sciences, United States Military Acad- 
emy. 

Robert J. R. de Cotret: Council of Economic Ad- 
visers, Executive Office of the President. 

Judith D. Dernburg: lecturer in economics, Oberlin 
College. 

Barend A. DeVries: adjunct professor of economics, 
George Washington University. 

Carlos D{az-Alejandro, University of Minnesota: 
professor of economics, Yale University. 

William M. Dickson: associate professor, department 
of economics and commerce, Simon Fraser University. 

Steven W. Dobson: instructor in economics, Dart- 
mouth College. 

William D. Dobson, Purdue University: assistant 
professor, agricultural economics, University of Wis 
consin. 

Donald H. Dohrmann: instructor of economics, 
University of Connecticut. 

Norman Douglas, Temple University: assistant pro- 
fessor, University of Bridgeport. 

Edwin G. Dolan: instructor of economics, Dartmouth 
College. 

Paul B. Downing, assistant professor, department of 
economics, University of California, Riverside. 

Guy Douyon: assistant professor of business manage- 
ment and managerial economics, School of Business 
Administration, American University. 
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Stephen P. Dresch: research staff associate, National 
Bureau of Economic Research. 

Alan I. Duchan, University of Wisconsin: instructor, 
department of economics, University of Hlinois. 

John Duchman, Vanderbilt University: assistant 
professor of economics, University of Tennessee, 
Chattanooga. 

Wallace H. Duncan: instructor in economics, depart- 
ment of social sciences, United States Military Acad- 
emy. 

William C. Dunkelberg: assistant professor of busi- 
ness economics, Graduate School of Business, Stanford 
University 

Douglas M. Dunn: Bell Telephone Laboratories, Inc., 
Murray Hill, N. J. 

Katherine M. Dusak: instructor of finance, Graduate 
School of Business, University of Chicago. 

William R. Eadington: assistant professor of eco- 
nomics, University of Nevada, 

Roberto P. Echeverria: economist, International 
Bank for Reconstruction and Development, Washing- 
ton. Si 

Stahrl W. Edmunds: lecturer of economi; Uni- 
versity of California, Riverside, 

Robert Eisner: research staff, National. Bureau of 
Economic Research. 

C. W. Ekstrand: assistant professor, department of 
economics, University of Manitoba, 

Paul Eldridge: assistant professor, general business 
and finance, School of Business Administration, Uni- 
versity of Massachusetts. 

Amin A. Elmallah: lecturer of accounting and quanti- 
tative analysis, Chico State College. 

Elizabeth Erickson: instructor, department of eco- 
nomics, University of Akron. 

Robert G, Evans: assistant professor, department of 
economics, University of British Columbia. 

Robert E. Evenson, University of Minnesota: associ- 
ate professor of economics, Yale University. 

Lattee A. Fahm, University of Lagos: associate 
professor of economics, University of Connecticut. 

Berkwood M. Farmer: instructor of economics, 
department of social sciences, United States Military 
Academy. 

Clyde H. Farnsworth, Virginia Polytechnic Institute: 
economist, research department, Federal Reserve Bank 
of Richmond. ` 

John C. H. Fei, Cornell University: professor of 
economics, Yale University. 

Robert L. Ferrar: assistant professor of economics, 
Allegheny College, 

John F. Ficks, Southern Ilinois University: assistant 
professor of economics, University of Evansville. 

Ronald Filante: assistant professor, Queens College 
of the City University of New York. 

Joseph M. Finger, Duke University: associate pro- 
fessor, University of Georgia. 

Gordon R. Fisher: visiting professor of economics, 
University of Western Ontario. 

William Fleischman: assistant professor of economics, 
division of social sciences, New College. 

Terry G. Foran, Pennsylvania State University: 
instructor, Southern Mlinois University. 


NOTES 


Robert H. Forste: staff associate, New England 
Center for Continuing Education, University of New 
Hampshire. 

Charles Freedman: instructor, department of eco- 
nomics, University of Minnesota. 

David Fretz: instructor, division of social science, 
Northeastern State College. 

Stephan Friedberg: visiting lecturer, University of 
Western Ontario. 

Norbert W. Frische: instructor of economics, depart- 
ment of social sciences, United States Military Acad- 
emy. 

Charles J. Gallagher: assistant professor of economics, 
University of Georgia. 

Charles W. Gallagher: assistant professor of eco- 
nomics, University of North Dakota. 

George Garvy: professor of finance, Graduate School 
of Business, Stanford University. 

F. Dermot Gately: visiting lecturer of economics, 
University of Western Ontario, 

Paul Gerhart: assistant professor of labor and indus- 
trial relations, University of Illinois. 

Gerald B. Goodchild: instructor in economics, depart- 

_ ment of social sciences, United States Military Academy. 

David M. Gordon: lecturer, department of economics, 
i Yale University. 

Paul W. Gordon: associate professor of marketing, 
‘School of Business Administration, University of 
, Massachusetts. 

Daniel A. Graham: assistant professor of economics, 
Duke University. 

, J. A. Gray: assistant professor, department of eco- 
nomics, University of Manitoba. 

, Jean M. Gray: assistant professor of economics, 
Rutgers-The State University. 

| Leroy J. Grossman, Center for Urban Programs: 
ssocat professor, department of economics, Saint 

uis University. 

ı Gladys Gruenberg: assistant professor, department of 
economics, Saint Louis University. 

Fred S. Grygiel: lecturer, department of economics, 
De Paul University. 

Joseph P. Guiltinan: assistant professor of marketing, 
School of Business Administration, University of 
M: usetts. 

Benton E. Gup, Federal Reserve Bank of Cleveland: 
associate professor, University of Tulsa. 

Alan L. Gustman: assistant professor of economics, 
Dartmouth College. - 

Sheldon E. Haber: associate professor of economics, 
George Washington University. 

Hamid Habibagahi, University of Pennsylvania: 
visiting associate professor, University of Waterloo. 

Jack O. Hakkila: assistant professor, department of 
economics, University of Alaska. 

William K. Hall: assistant professor of statistics, 
Graduate School of Business Administration, Univer- 
sity of Michigan. 

Eric A. Hanushek: assistant professor of economics, 
United States Air Farce Academy. 

Robert C. Haring: professor of marketing and co- 
ordinator of Graduate Studies in Business Administra- 
tion and Economics, University of Arkansas. 
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John M. Hartwick: assistant professor of economics, 
Queen’s University at Kingston. 

Curtis Harvey: associate professor of economics, 
University of Kentucky. 

Jobn A. Haslem, University of Wisconsin: associate 
professor, College of Business and Public Administra- 
tion, University of Maryland. 

Andrew Jong-Chol Hau: associate professor of 
economics, Millersville State College. 

Thomas M. Havrilesky: associate professor of eco- 
nomics, Duke University. 

Michael A. Heilperin, University of Southern Cali- 
fornia: visiting professor, department of economics, 
California State College, Long Beach. 

Horst Herberg: visiting assistant professor, Uni- 
versity of Western Ontario. 

David Hershfiel: assistant profeasor, department of 
economics, University of Utah. 

Richard S. Higgins: assistant professor of economics, 
University of Georgia. 

Sydney H. High: instructor, Mississippi State Uni- 
versity, 

Seiko Hija: visiting assistant professor, department 
of economics, Purdue University. 

C. Russell Hill: assistant professor, University of 


Harriet M. Hinck: instructor of economics, Drew 
University. 

William T. Hogan, Fordam University: visiting 
professor of mineral economics, Pennsylvania State 
University. 

William Holley: instructor, department of economics, 
Auburn University. 

Thomas A. Hoopengardner: instructor, department 
of economics, Marshall University. 

Carl B. Housley: assistant professor of economics, 
Valparaiso University. 

E. Philip Howrey: associate professor, department of 
economics, Wharton School of Finance and Commerce, 
University of Pennsylvania. 

E. Kay Hunt: visiting professor, department of 
economics, University of California, Riverside, 

Lionel R. Ingram, Jr.: instructor in economics, 
department of social sciences, United States Military 
Academy. 

William Jaffe, Northwestern University: visiting 
professor, economic history, University of British 
Columbia. 

John James: assistant professor of economics, Middle 
Tennessee State University. 

Dean Jamison: assistant professor, department of 
economics, Stanford University. 

Jerry J. Jasinowski: assistant professor of economics, 
United States Air Force Academy. 

N. T. Jazairi: assistant professor, department of 
economics, York University. 

George D. Johnson: assistant professor of quantita- 
tive analysis and management, Chico State College. 

O. Maurice Joy: assistant professor of business 
administration, University of Kansas. 

John Kagel, Purdue University: assistant professor, 
department of economics, Texas A&M University. 
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Stephan F. Kaliski, Carleton University: professor of 
economics, Queen’s University at Kingston. 

Philip Karst: assistant professor of economics, 
University of Kentucky. 

George G. Kaufman: visiting senior lecturer, Uni- 
versity of Southern California, spring 1970. 

Suheil Kawar: assistant professor, department of 
economics, San Fernando Valley State College. 

Alexander K. Kelly: visiting assistant professor, Uni- 
versity of Western Ontario, Jan. 1970, 

William J. Kelly: assistant professor of economics, 
University of Georgia. 

Edward J. D. Ketchum: lecturer, The University of 
Western Ontario, 

Duane Kexel: instructor, department of economics, 
Grinnell College. 

M. Saleem Khan: assistant professor, department of 
economics, University of Alaska. 

Levis A. Kochin: visiting lecturer in economics, Uni- 
versity of Western Ontario. 

Krishna L. Kool: instructor, department of eco- 
nomics, Marshall University. 

Benedikt Korda: associate professor, department of 
economics, University of Alberta. 

David Kreage: research staff associate, National Bu- 
reau of Economic Research, 

S. Kumon: associate professor, department of eco- 
nomics and accounting, Carleton University. 

Donald M. Lamberton: professor of economics, re- 
search assistant, industrial economics, Case Western 
Reserve University. 

James C. Lampe: assistant professor of accounting, 
Graduate School of Business Administration, Michigan 
State University, Jan. 1970. 

John S. Lane: visiting assistant professor of eco- 
nomics, Queen’s University at Kingston. 

Kazimierz Laski: professor, department of economics, 
York University. 

Charles R. Laudor: assistant professor, department 
of economics, Connecticut College. 

Dennis R. LaVigne: instructor of economics, Ilinois 
Wesleyan University. 

Stephen D. Lewis: assistant professor, department 
of economics, University of Alberta. 

John M. Leyes, Iowa State University: assistant 
professor of economics, University of Wyoming. 

Stephen E. Lile: assistant professor of economics, 
University of Richmond. 

Joseph A. Litterer: professor of management, School 
of Business Administration, University of Massa- 
chusetts, 

A. J. Little, St. Patrick’s College: associate professor, 
department of economics and accounting, Carleton 
University, 

Stanley G. Long: assistant professor, Lawrence Uni- 
versity. 

William F. Lott: assistant professor of economics, 
University of Connecticut. 

Milton Lower: assistant professor, department of 
economics, University of Houston. 

Lawrence Lynch: adjunct assistant professor of 
economics, University of Kentucky. 
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Bruce R. McKellips: assistant professor, department 
of economics, University of Alberta. 

Eugene P. McLoone: lecturer of economics, Univer- 
sity of Maryland. 

Ben R. McManus, Purdue University: assistant 
professor, agricultural economics, University of Ten- 
nessee, i 

John R. McNamara: instructor of economics, Union 
College. j 

Elizabeth C. MacRae: assistant professor af eco- 
nomics, University of Maryland. 

Kevin L. Maher: instructor of economics, department 
of social sciences, United States Military Academy. 

Walter R. Mahler, Jr.: assistant professor, depart- 
ment of economics, Grinnell College. 

Gail E. Makinen: assistant professor, department of 
economics, Wayne State University. 

Arthur Mandel, University of California, Davis: 
department of economics and commerce, Simon Fraser 
University. 

Aurora S. Marcus: assistant professor of accounting 
and business administration, Upsala College. 

Bernard J. Marks, Southern Ilinois University: 
professor of economics, Wichita State University. 

John A. Marlin: department of economics and finance, 
Bernard M. Baruch College. 

David D. Martin: visiting professor, department of © 
economics, Michigan State University. 

John M. Martin, University of Washington: assistant 
professor of economics, California State College at 
Hayward. 

Otto B. Martinson: associate professor of economics, 
United States Air Force Academy. 

Prithvi Mathur: instructor, department of economics, 
University of Akron. 

J. Douglas May: lecturer, University of Western 
Ontario, 

Harry G. Meyers: instructor, Rensselaer Polytechnic 
Institute, 

Robert T. Michael: research staff associate, National 
Bureau of Economic Research, / 

H. Laurence Miller, Jr.: research fellow, National 
Bureau of Economic Research. 

Donald Milley: assistant professor of economics, 
Youngstown State University. 

Franklin D. Mills, University of Chicago: acting 
assistant professor, department of economics, Uni- 
versity of Washington. 

Peter Miovic: assistant professor, department of 
economics, Cornell University. 

Leonard J. Mirman: assistant professor, department 
of economics, Cornell University. 

William R. Moffat: assistant professor of business 
economics, Graduate School of Business, Stanford 
University. 

Donald R. Monath: associate professor of finance, 
University of Louisville. 

Tait Montague: professor, department of economics, 
York University. 

Herbert E. Moody: instructor of economics, depart- 
ment of social sciences, United States Military Acad- 
emy. i emt 
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John C. Moorhouse: aseistant professor of economics, 
Wake Forest University. 

Oskar Morgenstern: professor, department of eco- 
namics, Texas A&M University. 

Richard D. Morgenstern, University of Michigan: 
instructor of economics, American University. 

Ula K. Motekat: assistant professor of accounting, 
School of Business Administration, University of 
Massachusetts. 

Timothy D. Mount, University of California, 
Berkeley: assistant professor, department of agricultural 
economics, Cornel] University. 

Ronald E. Miller: instructor, department of eco- 
nomics, American University. 

Wladimir Naleszkiewicz: department of economics, 
Cleveland State University. 

Edward J. Nell, University of East Anglia, Norwich: 
professor of economics, New School for Social Research. 

Karl H. Nieby!, Temple University: visiting professor 
of economics, University of Connecticut. 

Lowell E. Nordquist, Western Michigan University: 
instructor of economics, Clemson University. 

Sumiye Okubo: economist, research department, 
Federal Reserve Bank of Richmond. 

John P. Olienyk: instructor of economics, University 
of South Dakota. 

Alan L. Olmstead, University of Wisconsin: acting 
assistant professor, University of California, Davis. 

Josephine Olson: department of economics and 
finance, Bernard M. Baruch College. 

Guy Orcutt: visiting professor of economics, Yale 
University. 

Yoshihiko Otani: assistant professor, department of 
economics, University of Minnesota, 

Anthony Pappas, Yale University: instructor, 
department of economics, University of Ilinois. 

Chandra P. Pathak: assistant professor, department 
of economics, Marshall University. 

| Ivor Pearce: visiting professor, department of eco- 

| nomics, Wharton School of Finance and Commerce, 

| University of Pennsylvania. 

| Fred Peery, University of Texas: associate professor 

i of marketing, University of Tennessee, Chattanooga. 

| Adamantios A. Pepelasis: professor, department of 
economics, University of Kentucky. 

Joseph J. Persky: lecturer, department of economics, 
| Yale University. 
| Anthony C. Petto: assistant professor, department 
‘of economics, De Paul University. 

P. Phillips: assistant professor, department of eco- 
nomics, University of Manitoba. 
| Hal Pickle: professor, department of management, 
Auburn University. 
| DeWayne J. Piehl: assistant professor of business 
administration, School of Business Administration, 
University of Washington. 
| Thomas Pinfold: assistant professor, department af 
economics, Dalhousie University. . 
| Richard H. M. Plain: assistant professor, department 
of economics, University of Alberta. 

\Charles G. Plourde: lecturer, University "of, Western 
| 

| 

\ 
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Clayne Pope: assistant professor, University of 
Michigan, 

Robert Posner: assistant professor of economics, 
Oberlin College. 

Timothy W. Pyron: assistant professor, department 
of economics, Trinity University. 

Assaf Razin: assistant professor of economics, Uni- 
versity of Minnesota. 

Mark J. Riedy: assistant professor, School of Business 
Administration, University of Colorado. 

A. R. Ritter: assistant professor, department of 
economics and accounting, School of International 
Affairs, Carleton University. 

Howard H. Roberts: instructor in economics, de- 
partment of social sciences, United States Military 
Academy. 

Paul O. Roberts: research staff associate, National 
Bureau of Economic Research. 

Raymond B. Roberts: assistant professor, depart- 
ment of economics, Iowa State University. 

James W. Robertson, School of Business, Seattle 
University: professor of accounting and coordinator of 
graduate studies in business, Chico State College. 

Frank Roseman, University of Western Ontario: 
department of economics, University of Alberta. 

John C. R. Rowley: assistant professor of economics, 
Queen’s University at Kingston. 

Brian Rungeling: assistant professor, department of 
economics, Auburn University. 

James M. Ruth: instructor in economics, department 
of social sciences, United States Military Academy. 

Jay S. Salkin: assistant professor of economics, Duke 
University. 

John S. Salter: assistant professor, agricultural eco- 
nomics and economics, Montana State University. 

Larry B. Sawers, University of Michigan: assistant 
professor, department of economics, American Uni- 
versity. 

Dennis E. Schlais: assistant professor of finance, 
Chico State College. 

Maria Schmundt: lecturer, University of Western 
Ontario. 

Erich Schneider: visiting professor, department of 
economics, Wharton School of Finance and Commerce, 
University of Pennsylvania. 

David L. Schulze: assistant professor, department of 
economics, Iowa State University. 

Morton D. Schwartz: instructor, Lawrence Univer- 
sity. 

James G. Scoville, Harvard University: associate 
professor of economics and labor and industrial rela- 
tions, University of Llinois. 

Edward J. Sedimeier: assistant professor of econom- 
ics, University of Georgia. 

David Segal: assistant professor of economics, Oberlin 
College. ; 

Richard G. Segers: visiting associate professor of 
management science, Graduate School of Business, 
University of Chicago. 

J. R. Seldon: assistant professor, department of 
economics, University of Manitoba. 
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Perry Shapiro: lecturer, department of economics, 
University of California, Santa Barbara. 

Jerry, A. Sharples: assistant professor, agriculturál 
economics, Purdue University. 

Gloria Shatto: associate professor, department ‘of 
economics, University of Houston. 

Dorothy Sherling: instructor, department of econom- 
ics, Auburn University. 

B. K. Short: assistant professor, department of eco- 
nomics, Wellington College, University of Guelph. 

Manuel Siguenza, University of Pennsylvania: assis- 
tant professor, University of Waterloo. 

George Simmons: assistant professor, University of 
Michigan. 

Vladimir Simunek: associate professor, College of 
Business Administration, Kent State University. 

Paul R. Siragusa: instructor, department of econom- 
ics, Northwestern State College. 

Burman Skrable: instructor, department of econom- 
ics, State University of New York, Cortland. 

Keith Sloane: visiting lecturer, department of eco- 
nomics, Wharton School of Finance and Commerce, 
University of Pennsylvania. 

J. Edward Smith, Jr.: assistant professor of econom- 
ics, Union College. 

Leah H. Smith: instructor of economics, North 
Carolina State University. 

Charles Snow: visiting associate professor, depart- 
ment of management, Auburn University. 

Donald C. Snyder: instructor of economics, Illinois 
Wesleyan University. 

Lewis C. Solomon: research fellow, National Bureau 
of Economic Research. 

Allen R. Soltow, Iowa State University: assistant 
professor of economics, University of Tulsa. 

Inbum Song: assistant professor of economics, Uni- 
versity of Louisville. 

Robert C. Springer: lecturer of economics, Rutgers- 
The State University. 

M. Lynn Spruill: assistant professor, School of Busi- 
ness Administration, University of Kentucky. 

George J. Staubus: visiting professor of business 
administration, University of Kansas. 

William Stober: associate professor of economics, 
University of Kentucky. 

Anthony Stocks, West Virginia University: professor 
offeconomics, Youngstown State University. 

Vladimir Stoikov, University of Ilinois: professor, 
New York State Schoo] of Industrial and Labor Rela- 
tions, Cornell University. 

Richard L. Stroup: assistant professor, agricultural 
economics and economics, Montana State University. 

Richard F. Sullivan: assistant professor, department 
of economics and accounting, Carleton University. 

Gerald M. Surett, Bennington College: instructor, 
department of economics, State University of New 
York, Cortland. 

Roger M. Swagler: instructor of economics, Drake 
University. 

Craig Swan: instructor, department of economics, 
University of Minnesota. 
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Lawrence B. Swartz: assistant professor of economics, 
University of North Dakota. 

Koji Taira, Stanford University: professor, Institute 
of Labor and Industrial Relations, University of Illinois. 

Paul J. Taubman: research staff associate, National 
Bureau of Economic Research. 

Harshadray H. Thaker, Appalachian State Univer- 
sity: instructor in economics, Clemson University. ` 

R. Thakkar: assistant professor, department of 
economics, York University. 

Kenneth H. Thomas: visiting assistant professor, 
agricultural economics, Purdue University. 

Emanuel Tobier: associate professor, Queens College 
of the City University of New York. 

Yasushi Toda: assistant professor, University of 
Western Ontario. 

Jay L. Tontz, United States Air Force Academy: 
assistant professor of economics at California State 
College, Hayward. 

Richard J. Trethewey, University of Washington: 
instructor, Kenyon College. 

S. C. Tsiang, University of Rochester: professor, 
department of economics, Cornell University. 

Norman B. Ture: adjunct professor of economics, 
George Washington University. 

Robert G. Uhler: assistant professor of economics, 
department of social sciences, United States Military 
Academy. 

Jobn J. Valentini: lecturer, department of econom- 
ics, De Paul University. 

Charles D. Van Eaton: assistant professor, depart- 
ment of economics, Northwestern State College. 

R. D. Vanderberg: assistant professor, department 
of economics and accounting, Carleton University. 

Gerald Varble: instructor, division of social science, 
Northeastern State College. 

David A. Vardy: assistant professor of economics, 
Queen’s University at Kingston. 

Claude Vaughan: instructor of economics, University 
of Kentucky. 

Annibal Villela: visiting professor of economics, 
Vanderbilt University. 

Donald F. Vitaliano: assistant professor, Rensselaer 
Polytechnic Institute. 

Howard Wachtel, University of Michigan: assistant 
professor, department of economics, American Uni- 
versity. 

Charan D. Wadhva: assistant professor of economics, 
Illinois Institute of Technology. 

Terence J. Wales: research staff associate, National 
Bureau of Economic Research. 

Roger W. Walker: professor of economics, Hamline 
University. 

Robert Watkins: instructor, department of marketing 
and transportation, Auburn University. 

Phillip Weitzman: assistant professor of economics, 
University College, New York University. 

Kenneth Wertz: assistant professor, University of 
Michigan, winter 1970. 

Donald A. West, University of Wisconsin: assistant 
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professor, department of agricultural economics, Wash- 
ington State University. f 

Obie G. Whichard: assistant professor of economics, 
University of Georgia. 

David A. Whitaker, University of Florida: assistant 
professor of economics, University of Richmond. 

Ray D. Whitman: lecturer and reserach associate, 
Bureau of Business and Economic Research, University 
of Maryland. 

James L. Wiek: assistant professor of marketing, 
School of Business Administration, University of 
Massachusetts. 

Ernest D. Wilcox: instructor, University College, 
New York University. 

E. John Williams: instructor, department of econom- 
ics, University of Houston. 

John W. Wilson: instructor in economics, department 
of social sciences, United States Military Academy. 

David A, Wilton: assistant professor of economics, 
Queen’s University at Kingston. 

Albert G. Wise, Memphis State University: instruc- 
tor of economics, Clemson University. 

Andrew J. Winnick: acting assistant professor of 
economics, University of California, Santa Barbara, 
Jan. 1970, 

Alexander C. Wiseman: assistant professor, Utah 
State University. 

William W. Wood: lecturer in economics, University 
of California, Riverside. 

Allen D. Woodland, University of New England, 
New South Wales: assistant professor, department of 
economics, University of British Columbia, 

Gavin P. Wright: lecturer, department of economics, 
Yale University. 

Benno Wymar: assistant professor of economics, 
University of South Dakota. 

Thomas B. Yandle, Jr., Georgia State University: 
assistant professor of economics, Clemson University. 

Tae-Hee Yoon, Lakehead University, Ontario: senior 


' economics, Planning and Evaluation Branch, Canada 


Department of Manpower and Immigration, Ottawa. 
George E. Young: instructor of economics, depart- 


. ment of social sciences, United States Military Acad- 


emy. 
John H. Young, University of British Columbia: 
' chairman of the Prices and Incomes Commission, 
Government of Canada. 
| Muhammad Yunus: assistant professor of economics, 
Middle Tennessee State University. 
Ezzatollah Zanganeh: assistant professor of econom- 
‘ica, West Virginia State College Institute. 
Joseph A. Ziegler, University of Notre Dame: assis- 
_tant professor of economics, Clemson University. 
| Martin E. Zweing: department of economics and 
finance, Bernard M. Baruch College. 


Leaves for Special Appointments 
' Martin E. Abel, University of Minnesota: program 
advisor in agricultural economics, Ford Foundation, 
New Delhi. 

D. J. Allee, Cornell University: Systems Analysis 
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Group of the Special Assistant for Civil Functions, 
Office of the Secretary of the Army. 

Julian}H. Atkinson, Purdue University: chief of 
party, Purdue-Brazil Project, Vicosa, Brazil. 

Richard E. Attiyeh, University of California, San 
Diego: University of Edinburgh. 

Emerson M. Babb, Purdue University: visiting pro- 
fessor, University of California, Berkeley. 

David Baerncopf, College of Business Administra- 
tion, University of Oregon: Bank of America, San 
Francisco. 

Francis R. Bethlen, College of Arts and Sciences, 
State University of New York, Plattsburgh: visiting 
professor, lecturer of economics, University Rosario, 
Argentina, f 

T. M. Brown, University of, Western Ontario; de- 
partment of economics, University of Ghana. 

Edward E. Carson, Purdue University: visiting pro- 
fessor, University of California, Berkeley. 

Kee I Choi, College of William and Mary: visiting 
associate professor of economics, University of Miami. 

M. O. Clement, Dartmouth College: Fulbright lec- 
turer, Robert College, Istanbul. 

John C. Dawson: Rockefeller Foundation teaching 
and research program, Kampala University, Makere, 

Floyd Durham, Texas Christian University: Danforth 
fellowship, Yale University. 

Martin T. Farris, Arizona State University: visiting 
professor of economics, University of Hawaii 

George R. Feiwel, University of Tennessee: visitor, 
faculty of economics, University of Cambridge. 

Douglas Fisher, Queens College of the City Univer- 
sity of New York: temporary senior lecturer, University 
of Essex. 

Irving Gershenberg, University of Connecticut: 
visiting assistant professor of economics, Makerere 
University College. 

Alan L. Ginsburg, The City College of New York: 
fellowship, Division of Health, Education and Welfare, 
The Brookings Institution. 

Bruce Glassburner, University of California, Davis: 
associate director, Hong Kong Study Center, University 
of California, 1969-70; director, 1970-71. 

Alan H. Gleason, International Christian University, 
Japan: visiting professor, University of Pittsburgh. 

Ronald B. Gold, Ohio State University: fiscal econo- 
mist, Tax Analysis Office, Treasury Department. 

Donald F. Gordon, Rochester University: Rockefeller 
Foundation teaching and research program, University 
of Philippines, Quezon City. 

Douglas H. Graham, Vanderbilt University: Uni- 
versity af Sao Paulo, Brazil, 

Albert L. Gray, Jr., Baldwin Wallace College: visiting 
professor, American University, Cairo. 

George Green, University of Minnesota: assistant 
visiting professor, Harvard University. 

Mitchell Harwitz, State University of New York: 
Rockefeller Foundation teaching and research program, 
University College, Nairobi. 

Mark A. Haskell, New York University: teaching and 
research program, Makerere University College, 
Kampala. 
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John Hause, University of Minnesota: National 
Bureau of Economic Research. 

Robert H. Haveman, professor of economics, Grinnell 
College: Joint Economic Committee of Congress. 

James Heilbrun, Columbia University: Ford faculty 
fellow. 

George H. Hildebrand, Cornell University: Deputy 
Undersecretary for International Affairs, Department 
of Labor. 

Clifford Hildreth, University of Minnesota: visiting 
professor, Virginia Polytechnic Institute until March 
1970, visiting professor, University of Tokyo, Marcb- 
August 1970. 

Karel Holbik, Boston University: visiting professor, 
Institut d’Etudes Europeennes, Universite Libre de 
Bruxelles, Brussels, Belgium. 

Hendrik Houthakker, Harvard University: Council 
of Economic Advisors, January, 1969-September 1970. 

Leonid Hurwicz, University of Minnesota: visiting 
professor, Harvard University. 

James C. Ingram, University of North Carolina: 
visiting professor of economics, Rockefeller Foundation, 
Thammasat University, Bangkok. 

Paul Jonas, University of New Mexico: U.S. AID, 
New Delhi, India. 

Jon M. Joyce, Wesleyan University: The Brookings 
Institution, economic policy fellowship, U.S. Depart- 
ment of Health, Education, and Welfare. 

Ramon Knauerhase, University of Connecticut: Ford 
Foundation, economic advisor, Government of Saudi 
Arabia. 

Emest Kuhn: Fulbright lectureship, University of 
Liberia. 

Arlyn J. Larson, Arizona State University: director 
of fiscal review study, legislature, state of Arizona, 
summer and fall, 1969. . 

Louis Lefeber, Brandeis University: visiting profes- 
sor, Ford Foundation, Institute of Economic Growth, 
Delhi University. 

J. C. Leith, University of Western Ontario: depart- 
ment of economics, University of Ghana. 

Ta-Chung Liu, Cornell University: chairman, Com- 
mission on Taxation Reform of the Republic of China. 

Michael C. Lovell, Carnegie-Mellon University: 
visiting professor, Wesleyan University. 

William A. McCleary, Williams University: Rockefel- 
ler Foundation teaching and research program, Tham- 
masat University, Bangkok. 

Charles E. McLure, Jr., Rice University: senior staff 
economist, Council of Economic Advisors. 

Andrea Maneschi, Vanderbilt University: Ford Foun- 
dation visiting professor, University of Sao Paulo. 

Bruce W. Marion, Ohio State University: Harvard 
School of Business, Harvard University. 

Stephen Marris: visiting research professor, The 
Brookings Institution. 

H. Laurence Miller, Jr., University of Hawaii: Na- 
tional Bureau of Economic Research. 

James N. Morgan, University of Michigan: visiting 
professor, Rockefeller Foundation teaching and re- 
search program, University College, Nairobi. 

Masao Nakanishi, University of California, Los 
Angeles: visiting professor, University of Rochester. 
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Thomas O’Brien, Brandeis University: research 
director, Boston Redevelopment Authority. 

Dennis J. O’Connor, Arizona State University: visit- 
ing assistant professor of economics, American Univer- 
sity, Cairo. 

Emiel W. Owens, Prairie View A and M College: visit- 
ing professor of agricultural economics, University of 
Minnesota. 

Don Paarlberg, Purdue University: director, agricul- 
tural economics, U.S. Department of Agriculture. 

George Perry, University of Minnesota: The Brook- 
ings Institution. 

James R. Prescott, Iowa State University: visiting 
professor, University of California, Los Angeles. 

Charles E. Ratliff, Jr., Davidson College: visiting 
professor, Forman Christian College, Lahore, Pakistan. 

Paul C. Roberts, Tulane University: visiting professor 
of economics, University of New Mexico. 

Robert L. Robertson, Jr., associate professor, Mount 
Holyoke College: Center for Community Health and 
Medical Care, Harvard University. 

D, G. Sisler, Cornell University: Yale University 
Growth Center. 

William P. Snavely, University of Connecticut: visit- 
ing professor of economics, American University of 
Beirut. 

Charles G. Stalon, Southern Ilinois University: asso- 
ciate professor, Economic Advisor to Federal Power 
Commission, Washington. 

James A. Stephenson, Iowa State University: visiting 
professor, Special Studies Section of the Federal Reserve 
System, Washington. 

Joseph E. Stiglitz, Yale University: Rockefeller 
Foundation teaching and research program, University 
College, Nairobi. 

Herbert H. Stoevener, Oregon State University: 
visiting associate professor of agricultural economics, 
University of Minnesota. 

Thomas T. Stout, Ohio State University: livestock. 
marketing research, U.S. Department of Agriculture, 

W. Paul Strassmann, Michigan State University: 
professor, U.N. International Labor Office, Geneva, 
Switzerland. 

Sidney C. Sufrin, Syracuse University: visiting pro- 
fessor, College of Business Administration, University 
of Michigan. 

Danie! B. Suits, University of Michigan: visiting pro- 
fessor, University of California, Santa Cruz. 

Irving Swerdlow, Syracuse University: economic 
policy fellowship, The Brookings Institution. 

Shanti S. Tangri, Wayne State University: visiting 
associate professor of economics, Duke University and 
senior research associate, Carolina Population Center, 
University of North Carolina. 

Morris Teubal, University of Minnesota: Instituto 
Torquato Di Tella, Buenos Aires, Argentina. 

Donald S. Tull, College of Business Administration, 
University of Oregon: Netherlands Institute of Business, 
Bruekelen, The Netherlands, 

Martin A. Ulrich, Simon Fraser University: research 
associate of agricultural economics, University of Min- 


nesota, 
Raymond F. Valenti, Syracuse University: director 
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of graduate studies, Catholic University of Puerto Rico. 


Frits van Beek, American University: staff economist, - 


International Monetary Fund. 


W.-E. Vickery, University of Western Ontarlo: de- 


partment of economics, University of Ghana. ` 

Don J. de Voretz, Simon Frazer University: Rockefel- 
ler Foundation teaching and research program, Uni- 
versity of Ibadan, Nigeria. 

Henry A. Wadsworth, Purdue University: visiting 
professor, Oregon State University. 

Bernard Wasow, University of British Columbia: 
economic consultant, Nairobi. 

Eldon E. Weeks, Washington State University: 
Economic Research Service USDA, U.S. Department of 
Agriculture. 

Murray L. Weidenbaum, Washington University: 

’ Assistant Secretary of the Treasury for Economic 
Affairs, 

Finis R. Welch, Southern Methodist University: 
National Bureau of Economic Research. 

T. Kelley White, Purdue University: Rural Institute, 
Purdue-Brazil Project, Vicoas, Brazil. 

William E. Whitesell, Franklin and Marshall College: 
research department, Federal Reserve Bank of Phila- 
delphia. 

Shih-Yen Wu, University of Iowa: research professor, 
Belgium. 

Resignations 

A. M. Agapos, Ohio University: Louisiana State 
University. 

Edward Ames, Purdue University, June 30, 1969. 

Paul R. Beach, Arizona State University, June 1969. 

William Beaver, Graduate School of Business, Uni- 
versity of Chicago, 

Robert L. Beck, South Dakota State University: 
department of agricultural economics, University of 
Kentucky, 

E. Bell, University of British Columbia. 


Michael Belshaw, Hunter College, City University of 


New York, Sept. 1, 1969, 
ge T. Berg, University of North Dakota, June 1, 

Ralph E. Berry, Harvard University: School of 
Public Health, Harvard University. 

James H. Blackman, University of North Carolina. 

Martin R. Blyn, School of Commerce, New York 
University, Aug. 31, 1969. 

Leonard Bower, Florida State University: Federal 
Reserve Bank, Dallas, 

F. S. Chen, University of Manitoba. 

George Christou, Clemson University. 

Kenneth W. Clarkson, San Fernando Valley State 
College. 

Bruce Cohen, Bernard M. Baruch College. 

John E. Cooper, University of Idaho: Lewis and Clark 
College. 

Douglas Dalrymple, University of California, Jan- 
uary 1969, 

Howard W. Davis, University of California, River- 
side: Louisiana State University. 

Robert D. Dean, College of Business Administra- 
tion, Kent State University, June 15, 1969. 
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John S. DeLecuw, Old Dominion Callege. 


Paul Demeny, University bf Michigan, Sept. 1, 1969. E” 


Roger A. Dickinson, University of California, 
Berkeley. . 

Robert R. Dockson, Business and Graduate School of 
Business Administration, University of Southern Cal- 
ifornia: vice chairman, Board of Directors, California 
Federal Savings and Loan Association, September 1969. 

Don D. Doty, Mississippi State University, May 31, 
1969. 

George C. Eads, Harvard University, June 1969: 
Princeton University. 

Edgar O. Edwards, Rice University: Ford Founda- 
tion, January 1970. 

Eugene B. Finch, University of North Dakota, 
June 1, 1969, 

Richard Fleming, University of Mississippi. 

Richard B. Freeman, assistant professor of economics, 
Yale University. 

William O. Freithaler, University of Virginia, August 
31, 1969, ` 

T. B. Giddings, University of Manitoba. 

Frank W. Gill, University of Oregon, June 1969. 

Glen A, Gransberg, University of North Dakota, 
June 1, 1969. 

E. K. Grant, Welllngton College, University of 
Guelph. 

Sanford Gunn, School of Business Administration, 
University of Massachusetts. 

Donald R. Hakala, Cleveland State University: 
Dlinois State University. 

Niles Hansen, University of Kentucky, July 1969. 

Robert Hartman, Brandeis University,’ July 1969; 
The Brookings Institution.’ 

Udo Heyn, University of Indiana. l 

Barbara L. Hodgins, University of Alberta. 

C. A. Hofman, Middle Tennessee State University. 

Anne E. Hulse, Hunter College, City University of 
New York, September 1, 1969. 

Henry D. Jacoby, Harvard University, July 1, 1969: 
Kennedy School of Government, Harvard University. 

Joe Jones, Bureau of Business and Economic Re- 
search, University of Arkansas. 

Robert Jones, The City College, Aug. 1969. 

John W. Judy, Jr., Purdue University, July 1969: 
University of Georgia. 

Constantine Kalogeras, Bernard M. Baruch College. 

Ira Kaminow, Ohio University: research department, 
Federal Reserve Bank of Philadelphia. 

Michael Kawaja, University of California, Los 
Angeles, March 1969. 

Virgil H. Ketterling, University of North Dakota, 
Aug. 1, 1969. 

David Klahr, Graduate School of Business, Univer- 
sity of Chicago, August 31, 1969. 

John W. Leonard, College of Business and Public 
Administration, University of Arizona: Southern 
Illinois University, June 1969. 

Baruch Lev, Graduate School of Business, Univer- 
sity of Chicago, September 30, 1969. 

David H. Levey, lecturer, department of economics, 
Yale University. 
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Solomon, B. Levine, Institute tof Labor and Initial 


Relations, University of I Ee 


Robert Long, University Fi “Miasissippl 

Gerald F. McGuigan, University of British Columbia: 
York University. 

Gilbert J. McKee, Claremont Men’s College. 

David C. Major, The City College, Aug. 1969. 

A. Malik, University of Manitoba. 

Ray Marshall, University of Kentucky, July 1969. 
` Arthur Matson, South Dakota State University, 
Sept. 1, 1969. 

Harold T. Moody, University of California, Los 
Angeles, June 1969. 

George R. Morrison, University of California, San 
Diego. .. 

Tom Morton, Graduate School of Business, Univer- 


‘sity of Chicago, June 30, 1969. 


Bernard Munk, University of Michigan, Mar. 1969. 

Paul Nadler, Graduate School of Business Ad- 
ministration, New York University, June 1969. 

Marc L, Nerlove, professor of economics, Yale Uni- 
versity. . 
Gilbert Nestel, Ohio State University, September 
1969. `. 

Corinne Norgaard, University of California, Los 
Angeles, June 1969. 

John Owen, Johns Hopkins University, June, 1969. 

William Poole, Johns Hopkins University, June, 1969. 

_ Lee E. Preston, University of California, Berkeley. 

` Henry O. Pruden, Univeraity of Oregon, June, 1969: 
University of Texas, Austin, 

Frank ee University of California, Los Angeles, 
June 1969. 

R Raymond Radosevich, University of Kansas, 


- July 31, 1969. 


- Jakob Rauber, University of Connecticut, June 15, 
1969. 

Kong K. Ro, assistant professor, The City College, 
Aug: 1969. ` 

Ray C. Roberts, Jr., dean, School of Business Admin- 
istration, Winthrop College. 

Edward Rosenbaum, Lehigh University: University 
of Windsor, Canada. 

Jeffrey M. Schaeffer, Rutgers University, June 1969. 

G. Schramm, University of Manitoba. 

Aba Schwartz, Ohio State University, September 
1969. 
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Harry S. Schwarts, adviser to the’ Féleral. Home 


“ Loan Bank Board, March 1969: vice président and 


economist, Federal. National Mortgage Assotiation. 

Gerald Scully, Ohio University: University of South. 
ern. Illinois. K 

Zoltan Sebestyan, Rensselaer Polytechnic Institute: 
New Paltz, New York. 

Richard T. Seldon, Cornell University, June 1969. 

Sue O. Shaw, Middle Tennessee State Üniversity.. 

William A. Shrode, University of Oregon, June 1969: 
Florida State University. ` 

Thomas Sowell, Cornell University, June 1969, . 

H. Louis Stettler UI, Johns Hopkins University, 
June 1969, 

Subramanian Swamy, Harvard University, Jung 
1969: India. 

Joseph Swanson, Purdue University, June 30, 1969. nS 

Edwin F. Terry, State.. University of New, York, : 
Stony Brook. © > : 

Arthur L. Thomas, University of Oregim, Fine 1969: 


_ McMaster University. 


Wilbur Thompson, University of Michigan, Ane 
1969. i 

E. Hodson Thornber, Graduate School of Bhsiness," 
University of Chicago, June 30, 1969. 

Margo Thorning, Clemson University. ; 

Jack E. Thornton, The Citadel: Virginia Common- `” 
wealth University, Sept. 1, 1969. : . 

Eric Trist, University ‘of California, -Los Angeles, 
June 1969. f 

David Vinje, Whitman College, June 1969. 

Mei-chu Wang, University College, New York Upi; 
versity. 

Walter B. Wentz, Claremont Men’s College, April 
1969. 

Karl A. Wesolowski, Salem State College: Raythicoi, 
Ine. : 
Ned Williams, University of Mississippi. ` ` 


Miscellaneous 


Robert E. Gallman, University of ‘North Carolina, 
Chapel Hill: editor, The Journal of Economic History. - 
Alek Rozental, National Planning Association: 

financial consultant, Urban Development Committee, 
Council for International Economic ‘Cooperation and’ 
Development, Republic of China. ‘ i 


